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ADVERTISEMENT. 



In laying the following sheets before the Public, it 
may, perhaps, be proper for the Editor to state, that 
those parts of the present publication for which he 
is responsible, have gradually grown under his hands 
to a more considerable bulk than he at first contem- 
plated. This increase was the natural result of a 
desire on his part, to render the work as useful to 
his readers as was in his power, and at the same 
time to vindicate the title of his venerable friend — 
for such he had the privilege of esteeming the author 
— to the gratitude of the world. With regard to the 
evidences, which in consequence of the latter design, 
may occasionally appear, of the Editor's personal 
regard and aflTection for that great man, of whose 
extensive labours in the domains of science, the fol- 
lowing Letters are a small, though an important 
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IV ADVERTISEMENT. 

fragment, he considers that no apology is needed, 
so long as those sentiments have not — and he trusts 
they have in no degree — blinded his judgment to 
the merits of the illustrious successors of De Luc^ 
the heirs and improvers of his discoveries. 



London, 
May 10, 1831. 



CONTENTS OF THE INTRODUCTION. 



PAOE 

Preliminary Observations 1 

SECTION I. 
General object of the Work 4 . 

SECTION II. 

Fundamental point in Geology established by De Luc — Geological 
Chronometers — Residence of the Sea upon extensive portions of 
our Continents for a considerable time immediately before the last 
revolution ;. . . . 8 

SECTION III. 

Connection between the Mosaic Narrative of the Deluge and Geolo- 
gical Phenomena 33 

SECTION IV. 

Two Periods in the History of the earth — one prior, the other poste- 
rior to the existence of our Continents — In the latter Period there 
is a fixed Chronology : in the former, a series of Geological Events 
may be traced, in which we discern only a succession of subor- 
dinate epochs, without determination of time — Summary view of 
that series — Origin assigned to the Mineral Strata and to the 
Atmosphere — Successive changes in the nature of our Mineral 
Beds; disturbances which they have suffered — Causes' of those 
two g^reat Phenomena of Geology indicated — Proofs of changes, 
at several epochs, both in the Liquid of the Sea, and in the 
Atmosphere ..•^« •■• 39 •* 



VI CONTENTS OP TH£ INTRODUCTION. 



SECTION V. 

PAOB 

Agreement of Cuvier and Alex. Brongniart with De Luc in his 
General Statement of Geological Phenomena, and hia Views re- 
specting the Causes and Operations that relate to them 76 

SECTION VI. 

Mosaic Days, to be considered as Indefinite Periods — ^Arguments in 
support of that Opinion — ^Ancient and Modem Authorities — Con- 
nection between the Mosaic Narratiye of the Creatioit, and 
Geological Phenomena •.«^«»^ 86 

SECTION VII. 

General Inferences — ^A true Theory in Geology not undiscoverable — 
Approximations to such a Theory by De Luc% 118 

SECTION VIU. 

Moral importance of Geology — ^Means of facilitating its study indi- 
cated by De Luc , 131 



CONTENTS OF THE LETTERS. 



LETTER I. 

PAGE 

On the Phenomena characterizing the Causes that have formerly 
operated upon the Terrestrial Globe; and particularly on those 
which fix the date of the Origin of our Continents 1 

LETTER II. 

Analysis of Geological Phenomena, leading to a determination of 
their Origin 41 

LETTER III. 

On the History of the Earth, from the origin of what is now observed 
upon it, down to the production of the Strata of Sand-stone .... 81 

First Period ..«.•«•«. . 83 

Second Period 93 

ThirdPeriod 105 

Fourth Period Ill 

Fifth Period 116 

LETTER IV. 

On the History of the Earth, from the time of the formation of the 
calcareous strata, to the last period in which the Sea remained in 
its ancient Bed ; a long space of time, which comprises, in parti- 
cular, the Origin of Volcanic Eruptions and of Coal Beds ; the 
formation of the strata of Chalk and Rock Salt ; and the History 
of the Quadrupeds, of which we find the remains in our strata .... 137 

Of Volcanic Eruptions 137 

OfCoalBeds *-..^. 156 

Of the Strata of Chalk ^.. 166 

OfRockSalt 172 

Sixth Period. 173 

Of Fossil Bones 176 



VUl CONTENTS OF THE LETTERS. 

LETTER V. 

PAGE 

Birth of our Continents — ^Proofs of the little distance of that epoch 182 
History of the Earth since the birth of our Continents 190 

LETTER VL 

A Physical Commentary on the eleven first Chapters of Genesis .... 230 



APPENDIX. 

Containing Remarks on some erroneous representations relative to 
the Author, in a work entitled, " A Comparative Estimate of the 
Mineral and Mosaical Geologies" ^ 273 



ERRATA. 

Introduction, Fag^ 19, line 24, note, after elevation, omit inverted commas. 
— — 32, — 18, note, add inverted commas after England. 
.^1 105, ■ ' note, for " as the matter shall require," read " at all 

times, €u the matter shall require.** 
— — 114, — 20, after animals, read Lectures on the History of the 

Natural Sciences. 
Letters, -^— 15, last line but one, for Section II. Although interchanges of 

land, read Section IV. page 71, line 4. 
— — 38, — 9, add inverted commas, note, notwithstanding, however. 
"— 107, — 14,/or these rand our continents. 



INTRODUCTORY REMARKS 



AKD 



ILLUSTRATIONS. 



The ardour with which the study of Geology has for 
several years past been prosecuted in this country, 
has induced the editor to lay before the public the 
following Letters to Prof. Blumenbach, written by a 
naturalist who is justly entitled to be considered as 
one of the founders of that important and compre^ 
hensive science \ 

These Letters^ which originally appeared in the 
British Critic for 1793, 1794, and 1795, were care- 
fully revised, and in great part recomposed by the 
author, for the edition published at Paris in 1798, 
under the title of '' Lettres sur I'Histoire Physique de 
la Terre." To that edition constant reference has 
been made, and the numerous additions which it 

^ It may perhaps be worth stating, that the name by which this 
science is now universally known, was invented by De Luc. Having 
in the ** Lettres physiques et morales sur THistoire de la Terre et 
de THomme," employed the word Cosmology, he adds in a note : 
'* By cosmology, I mean here the knowledge of the earth oqly, and 
not that of the universe. Geology would, in this sense, have been 
the proper word ; but I am afraid to employ it, because it is not in 



use." 
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2 INTRODUCTORY REMARKS 

contains are introduced in the present publication. 
A few of the notes of the original, containing matter 
only of inferior interest at the present time, are sup- 
pressed. The translation also has been corrected 
throughout, and in many places an entirely new 
version is^ given. The sixth Letter, entitled, " A 
Physical Commentary on the eleven first chapters 
of Genesis,** was subjoined, with the author's approval, 
to the editor's translation of his Elementary Treatise 
on Geology, published in 1809. 

The present edition will likewise derive additional 
value from some original communications with which 
the editor has been favoured by M. J. A. de Luc ^ 
of Geneva, nephew of the author, consisting of ob- 
jservations made by himself and other foreign geolo- 
gists, on some of the most interesting subjects of the 
science^ — such as the different granites, stratified and 
unstratified, — ^the structure of the Alps, in reference 
to the transversal and longitudinal valleys, — the 
transportation of granite blocks, &c. Some of these 
observations will be inserted in this Introduction, and 
others annexed in the form of notes to the Letters, as 
the different subjects under consideration shall require 
^uch illustration. 

To the French edition of these Letters the author 
frequently adverts in his later publications, as contain- 
ing an exposition of the whole of his system, and 
exhibiting the general results of geological observation 

^ The able author of the ** Histoire du Passage des Alpes pai: 
Annibal," and of several scientific dissertations inserted in the 
^1 Bibliotheque Universelle de Gendve," and the Transactions of the 
** Sooiete de Physique et d'Histoire Naturelle" of that city. 

1* 



AND ILLUSTRATIONS. 3 

and experience ; at the same time pledging himself to 
produce satisfactory proofs of those results in hia 
*' Travels." 

Geology, according to the definition of De Luc, 
includes not only a knowledge of the phenomena ex- 
hibited at the earth's surface^ but also the investiga- 
tion of the physical causes from which the actual state 
of the globe has proceeded K With regard to this 
last department of the science, where the enquiry 
depended in great part on experimental philosophy, 
and especially on chymistry, our author fulfilled his 
engagement to the public in the two following works 
which appeared in Paris : — " Introduction k la Phy- 
sique terrestre par les fluides expansibles.** 2 vols. 
1803 *. ^ Traite Elementaire sur le fluide electro- 
gal vanique." 1804. Discussions on some of the prin- 
cipal branches of the above-mentioned sciences will 
also be found in '^ Precis de la philosophic de Bacon, 
et des progres qu'ont fait les sciences naturelles par 
ses preceptes et son exemple." 2 vols. 1802 ; in a 
series of Letters ^ addressed to M. de la Metuebje, in 
the Journal de Physique, firom the year 1790, to 1793 
inclusive ; . in several papers presented to the Royal 

* Abrege de Geologic, pp. 1.13. Paris, 1817. 

^ In that work, which i& intended to show the connection of geo- 
logy with the other branches of physics and natural history, De Luc 
examines various meteorological theories; and proves, by direct 
experiments, that light, as a substance, enters into the composition 
of all the atmospherical fluids, and is the first cause of their expan- 
sibility. , • 

' Frequent references to those valuable dissertations on the most 
interesting subjects of physical science, and occasional extracts from 
them, will be found in this Introduction, and in the Notes to the 
Letters. 

B2 



4 INTRODUCTORY REMARKS [sect. i. 

Society, and in others published in Nicholson's Phi- 
losophical Magazine, 1812 and 1813. 

A longer time, however, was required to fulfil his 
promise with respect to his geological travels, as it 
was necessary for that purpose to arrange the ob- 
servations which were contained in his numerous 
journals. These observations were subsequently laid 
before the public in the following order : — '' Geologi- 
cal Travels," in three volumes, published (by Riving- 
tons) in 1810 and 1811; — the first volume consisting 
of " Travels in the north of Europe, containing ob- 
servations on some parts of the coasts of the Baltic, 
and the North Sea ;" and the two following volumes, 
comprising " Travels in England.** — " Geological 
Travels in some parts of France, Switzerland, and 
Germany." 2 vols. Rivingtons, 1813. 

The results of the long and laborious researches of 
this great and indefatigable geologist are thus em- 
bodied in numerous works, which, while they place 
him on a level with the most distinguished philoso- 
phers of the age, justly entitle him also to be ranked 
among the most zealous and powerful advocates of 
revealed religion. 



SECTION I. 

General object of the Work. 

• 

To point out the close connection to be traced 
between nature and Revelation, is the professed object 
of the present work. With this view, the author has 
demonstrated that an entire conformity exists between 
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the facts of geology and the history of the delUge^ as 
contained in the sacred records^ where we find that 
event described as having resulted from the destruction 
of ancient continents which the sea overwhelmed ;— 
he has further shown that the antiquity of our con- 
tinents is not greater than the Mosaic chronology 
ascribes to them from the flood ; — and he has more- 
over satisfactorily manifested the striking exactness 
with which the account of the successive formation 
of the globe as given in the narrative of the inspired 
writer, agrees with the discoveries of natural history, 
and the principles of sound philosophy. 

With respect to the last point, De Luc says : — 
'* When well informed men shall come seriously to 
^attend to the relation that subsists between the cir- 
cumstances characteristic of each of the Mosaic ' days,' 
and what has passed on our globe in the periods cor- 
responding, proved by monuments open to every one's 
observation, they will acknowledge that nature herself 
pays homage to that sacred and sublime history \" 

The author, however, desires it to be distinctly 
understood that he has not placed the correspondence 
between geology and the Book of Genesis among the 
proofs of his system : " I have explained it,** he ob- 
serves, " for the purpose of fixing more strongly the 
attention of my readers ; but I have never recurred 
to it for the support either of the facts which I have 
brought forward, or for the conclusions which I have 
deduced from these facts ; for this would have been a 
petitio principii. On this great point, truth has been 
my leading object; and as I have sought it by an 

» Letter IV. § 40, 
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6 INTRODUCTORY REMARKS [tECT. i. 

attentive study of terrestrial phenomena^ so I believe 
that my travels collectively will be found to contain 
it ^•' ^ 

At no time did De Luc '* bring forward the Scrip- 
tures as the foundation of geology V' ^ has been 
erroneously maintained ; but he pointed out the re- 
^ markable analogies subsisting between them^ which 
' have now been admitted by the most eminent natural- 
ists. (See Sect. V.) It would thus appear that in 
their estimation geological science is sufficiently •' fur- 
nished with facts*' to enable us to discover and exhibit 
such analogies. 

Of this harmonious agreement,— rsome striking in- 
stances of which will be brought together in these 
introductory observations, in their immediate connec- 
tion with established points in geology,— A^ could not 
fail to be a competent judge who had himself extended 
the limits of physical science, and had proved himself 
a highly successful experimentalist in various branches 
of natural philosophy. 

Although the Scriptures were not given to man to 
instruct him in the principles of science, yet it is na- 
tural to compare the results of science with the scrip- 
tural declarations concerning the creation and deluge, 
now become the objects of science. Those who dis- 
countenance such comparisons, seem to manifest -a 
distrust of the result, which derogates from the divine 
origin of the Scriptures. The God of Nature, and the 
God of Revelation, being the same, we need be under 
no apprehension lest the dictates of Revelation and 

* Travels in France, &c. vol. ii. p. 39?. 
' See Quart. Rev. October, 1830. 



SECT. I.] AND ILLUSTRATIONS., 7 

the discoveries of science should not be found to \ 

harmonize. 

It is important to'stat'e, in vindication of the author's 
claim to original views on the great subject of which 
he treats^ that his ^* Lettres physiques et morales sur 
THistoire de la Terreet de THomme/' — a work, which 
has essentia]]y contributed to rescue geological science . 

from the disgrace of visionary theories, to which 

• ■ ' ■ - . ,...■. . . ...•.-• 

succeeding geologists have been so greatly indebted 
for many important ta^ts and observations, and which 
marked the commencement of a new era in the science, 
— ^were published as early as 1779, — in which year the 
first volume only of M. de Saussure's " Voyages dans 
les Alpes" had appeared \ 

.^ jOf the *' Lettres physiques et morales,*' &c.» there is an. able, 
analysis ip the Monthly Review for 1780, Vol. Ixii. p. 527, etseq^ 
and VoL^lxiV, p. 481, et seq. " It bears," says the reviewer, '" all I 

the marks of a sagacious and experienced observer, a profound 
and original thinker, a sound logician, and a good man. It is* filled 
with precious materials relative to the natural world, and the branch 
of philosophy of which that world is more peculiarly the object ^ 
and it exhibits rational, extensive, and noble views of the connection 
of Nature with its AuTHOBy and with the moral and religious system 
of the universe •••••• Mr. de Luc, who has hitherto been only 

known as one of the first natural philosophers of our time, assumes 
here new aspect&i, stiU more interesting to humanity, namely, those 
of the moralist* the citizen^ the friend of man, — who speaks the Ian*, 
guage of wisdom to the peasant, the artist, the legislator, and the 
sovereign^ and appreciates with sensibility, truth and precision, the 
genuine sources of human felicity." ^ 

It is obvious that those who have considered De Saussure's 
" Voyages dans les j^lpes," as having Jaid the foundation of 
sound geology, cannot have perused the important work in ques- 
tion. To the distinguished merits, indeed, of that celebrated 
n^uralist all. Europe has borne a just testimony ; while few have 
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SECTION 11. 

Fundamental point in Geology established hy the 

author. 

The following fundamental point in geology has 
been established by De Luc with undoubted success : 

been so well enabled to appreciate, and none more anxious to ac- 
knowledge them than our author himself* But the geologbt who 
has given the most detailed and accurate descriptions of various 
portions of Europe,— -of Holland, the banks of the Elbe, the Weser, 
and the Rhine ; of Westphalia, and lower Saxony ; — who, by accurate 
observations at the mouths of great rivers discharging themselves 
into the sea, has shown that the level of the ocean has not undergone 
any change since the last great revolution ; who was the first to 
describe the interesting phenomenon of extinct volcanos, &c., has 
rendered as great services to geology as he who has described the 
region of the Alps. While further, he who, like De Luc, has been in 
a great degree successful in connecting existing phenomena with their 
causes, and has thus estabhshed the foundation of the physical history 
of the earth, has conferred still higher benefits upon science. 

The great work in question is fidl of general viewiB and conclusions^ 
not, perhaps, on the series of formations firom the primitive to the 
tertiary ; but respecting other points fully as important, the opera* 
tions, for instance, of the anci^it sea upon its bed — the destruction 
of the great part of the strata of chalk, and the origin of the flinta 
found in sands, (Lettres physiques, &c. vol. v. p. 116, and pp. 47, 
48.) ; the analc^y of marine bodies with the fossils which resemble 
them, — ancient and modem volcanos, — a physical chrcmology, — ^ 
the structure of the mountains of the Hartz, &c. The theory 
of earthqaakes likewise contained in that work is borne out by all the 
phenomena connected with volcanos. He had there stated, as he 
himself of»serves in the first volume of his Travels in France, that 
as earthquakes are not accompanied with exterior explosions, the 
:0uid which produces them, and which shakes even the mountains. 
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— not many ages have elapsed since the continental \^ 
parts of our globe were abandoned by the waters of the 
ocean. 

'* When,** he says, ^' we have studied the continents 
with attention in all their parts, from their centres to 
their borders ; from their greatest elevations to their 
lowest depths ; when we have seen the regularity of 
the strata composing the whole of their observable 
mass, and the quantity of the marine bodies contained 
in those strata, it is impossible not to acknowledge 
that we are inhabiting an ancient bed of the sea ^J" 

But that a comparatively short period of time has \X, 
elapsed since the retreat of the ocean from our pre- ' -" 

cannot be any other than '' aqueoiu vapour.*^ He supposed ^ that 
the waters which circulate in galleries above those wherein lavas are 
formed, commonly find free issues ; but when, in consequence either 
of some obstacle in their course, or of some increase in their 
volume, they rise in these channels, they then meet with crevices 
through which they penetrate down to the furnaces where the 
lavas are prepared. Among physical causes, there is no one 
that possesses a power equal to that which may be exercised 
by the aqueous vapour produced in these subterranean fyimaces, 
while it subsists with the same degree of density ; as is the case 
80 long as it only extends itself along the deep galleries in which 
the matter of the lavas is formed by a kind of combustion ; 
but when at last this vapour enters higher passages, where it no 
kmger finds an equal degree of heat, it is decomposed, and thus 
loses its force." In that earliest of the author's works, he had ex- 
pressed the opinion, that the basalts scattered on our continents are 
the product of lavas which burst forth at the bottom of the ancient 
sea. In Vol. IV. pp. 258—260. 472 ; and Vpl. V. pp. 862—369. 
will be found the proofs that the extinct volcanos on both banks of 
the Rhine have burnt beneath the waters of the ocean. 

' Travels in England, vol. ii. p. 927. Letter V. § 6. Lettres 
sur THistoire de la Terre, &c. Vol. v. p. ^S%. et seq. 
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sent tracts of lands, is a position which by some 
naturalists has been contested. Several slow causes 
of a gradual retreat from its former bed had heea 
imagined; but by continued observations; of terrestrial 
phenomena, the author was enabled to demonstrate/ 
in the above mentioned work, that aU such slow 
causes were purely imaginary. 



Geological Chronometers. 

* 

The following is the nature of the proofs by which, 
on the other hand, he was led, in the study of the 
earth, to infer the recent origin of our continents* 
If, he ^ays, they are of small antiquity, all the classes 
of phenomena which indicate a succession, and which 
appear to date their origin from the existence of the 
new lands, are to be traced back to the same period { 
with as much exactness, at least, in respect both to 
the data and calculations, as regard to the nature of 
the objects can require ^ Now, it is from such difr 
ferent classes of phenomena, that he has succeeded 
in establishing, with a precision of which the subject 
could scarcely be deemed susceptible, a well defined 
physical chronology of the earth, by means of what he 
has termed natural chronometers.. It is from the docu- 
ments of nature, and not from those of history, that 
he has deduced the chronology of our continents, 
and that of the human race. 

From the period of the retreat of the sea from our 
lands, they have been subjected to a series of opera- 

* Lettrps sur THistoire de la Terre, &c. Vol. i. p. 11. . . 
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tions which are of such a nature as to leavel ndonun 
ments of theu* progress from certain points at which 
it is evident that they must have commenced ; their 
action still continues^ and is carried on before our 
eyes ^ "Every natural object upon our continents," 
he says, ** is a chronometer ; and that, from the same 
general cause, viz. that every object which was liable 
to undergo a change, by reason of the state in which 
it then was, and in consequence of the action of 
physical or mechanical causes, began at that time to 
suffer such a change. We are thus supplied with an 
infallible guide in the history of the earth, through 
which we are conducted by unquestionable monu- 
ments. Wheresoever, by any perceptible cause, some 
part of our continents has suffered a change since the 
time at which they emerged from the sea, we can 
discern what was. its particular state at that period ; 
and whilst we are enabled to ascertain the total 
change, we find portions produced within known 
times*.". 

The operations of those causes have been ascer- 
tained by the enlightened author of the present work 
with singular ingenuity and success. All their pro- 
ducts and effects are capable of measurement ; they 
are absolutely distinct and independent of each other, 
having nothing in common but the point of their 
commencement; yet, however different in their na- 
ture, they all lead to the same conclusion : — thq 
impossibility of canying back the origin of our con- 



' Geol. Travels. Vol. i. § 99. . 

' Abr^ge de principes- et de faits concernans la Cosmogonie et la 
Geologie, p. 92. Brunswic, 1803. 
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tinents to a period more remote than that which the 
Mosaic chronology has assigned to the deluge. 

Various classes of these chronometers are minutely 
described in the author's *' Lettres sur I'Histoire de la 
Terre et de I'Homme^** in the Journal de Physique ^ 
and in his Travels^ as resulting from numerous phe- 
nomena; — such as the collection of vegetable earth 
produced by the decomposition of plants on unculti- 
vated soils — the natural history of peat mosses — the 
extension of snow and ice on high mountains — the 
accumulations of fallen materials under the abrupt 
sides of mountains^ and at the foot of steep coasts— 
the reduction of cliffs into grassy slopes — alluvial 
lands formed by rivers along their course — ^maritime 
new lands^ &c. * We are here presented with chrono- 
meters^ all possessing the same conditions ; and con- 
sisting of effects resulting from known causes^ which 
can have been in operation only since the continents 
have existed^ and of which the progress within known 
times is indicated by indisputable monuments'. More- 

* See the 126th, 27th» and 28th Letters addressed to M. de la 
M^therie, torn xli. (part ii.) 1792. 

' '* De Luc, to whom geology is indebted for more nwnerous &ct8 
than have ever been presented to the world, before he brought them 
forward to our view, is the first philosopher who thought of looking 
to this habitable world itself for the record of its birth. He has 
examined numerous physical chronometers, and demonstrated that 
these agree with revelation." Rev. Joseph Townsend's " Character 
of Moses Established for Veracity as an Historian." Vol. i. p. S98. 

By *' habitable world" is meant our present continents. It may 
here be proper to notice, that when De Luc speaks of their Inrth^ 
he adverts to the period when they were abandoned by the sea. 

' The following geological chronometer is noticed by Mr. R. C. 
Taylor in his interesting geological dissertation on the eastern part 
of Norfolk. Speaking of the Roman Causeway, supposed to have 
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over, the completion of several of these effects has been 
pointed out by the author in a variety of places \ 

For the purpose of here fiuiher manifesting the 
nature of geological chronometers, as traced by De 
Luc, some of those just mentioned may be selected 
for remark. 

Gravity, and the action of the rains, and other 
atmospherical causes, have a continual tendency to 
crumble down and reduce the abrupt sections of 
mountains, as well in valleys, as towards the plains. 
The detached fragments are accumulated at their 
feet, and '^ rise against them with that kind of slope, 
which, in fortification, is called a taltis, being formed 
by materials rolling down over each other from a 
certain point ;** and preventing the farther demolition 
of the parts which they thus have covered*. The 

been made by the Emperor Severus, which extended from Denver 
to Peterborough, across the Fens of Cambridgeshire, he says : ** It 
was composed of gravel three feet deep and sixty feet broad, but 
is now covered with moor or peat from three to five feet in thick- 
ness. Evidence is thus produced of an increased elevation of 
surface, and the gradual formation of solid land, either by the de* 
position of oozy sediment, or by the growth and decay of vegetable 
substances; and data are supplied, as in the case of the ancient 
anchors, in the Garienis, for measuring the extent and duration 
of that process." 

' Joum. de Physique, tom. xli. (part ii.) pp. %%d — ^39. 1792. 

* Geol. Travels. I. § 103. " No man," he there remarks, " can 
travel round mountains, or along their valleys at any height, without 
luiying examples of these effects before his eyes. In great moun- 
tains, particularly, we see abrupt sections, one above another, under 
each of which we may observe these taluses, composed of the fallen 
materials, and' forming amphitheatres of the greatest beauty, from 
the vegetation which more or less overspreads them, and from the 
variety of its products. This aspect is absolutely general; it is 
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gradual progress of this general operation is clearly 
discernible by the progress of vegetation^ . Now, if 
an antiquity without any assignable limits is to be 
ascribed to our continents, such operations must long 
since have been every where terminated, and the 
surface of the slopes would be found entirely over- 
spread with plants and verdure. But, remarks De 
Luc> the operation continues, and we observe its dif- 
ferent stages, which depend on the original state of 
each individual part,, and on the nature of its strata '• 

the actual form of all mountains, not onfy in Europe, but in all parts 
of the world, as may be judged from the views of various countries, 
which adorn the works of travellers ;*and it is so generally known 
as the character of mountains, that we find it to be impressed on the 
imagination of every landscape painter. What could have produced 
this form so universally, unless it were one general original state, 
acted on'every where by the same causes ?" See also Letter V. § 35. 

' These natural processes are minutely described and explained in 
Letter V. §45. 

'^* Mouldering cliffs are excellent chronometers. Each has an 
accumulation of fragments constantly rising against the scarp. This 
in time will vanish, and instead of cliffs there will be hills, occupied 
by woods, by pastiire, or by tillage." Rev. Joseph Townsend's 
Vindication of Moses, &c. Vol. i. p. 40^. 

' " To the gradual softening of its slopes, is the valley of Campan 
Indebted for being one of the most delightful retreats of pastoral 
life : it was once a deep ravine ..•••. but the debris of the summits 
that command it have raised the bottom of those precipices ; the 
waters have had a constant tendency to level the soil in their course, 
the process of crumbling down has been continued, rest has succeeded 
to long convulsions, and vegetation has covered those heaps of ruins 
now fitted for its reception. The valley of Campan may then be 
regarded as presenting by anticipation that appearance of repose 
described by De Luc, who has foreseen what mankind are to expect 
in regard to the perfectibility of our contin^s. Such will be all 
the valleys of the Pyrenees and the Alps, of Caucasus, of Atlas and 
the Andes." Joum. de Physique, tom. xli, (part ii.) p. 334. 1792. 
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Further :— It has been rendered evident by De Luc, 
that the action of the jsea \ has a; tendency; to ef&CQ 
the origmal indentations of coasts^ by diminishing the 
promontories, filling up creeks and bays, and reducing 
cliffs to gentle declivities. These simultaneous opera-* 
tions on the same coasts must have commenced as soon 
as the ocean retired into its present bed; they con-' 
tinue, arid by the effects produced^ compared with their 
measutable progress, necessarily constitute a direct 
chronometer Accordingly all the. lands formed by the 
sea upon its shores are every where distinct in their 
composition from those to which they are joined; 
they are horizontal from the point of junction to their 
actual extremity, and continue to increase. Now, 
from the known progress of these lands, compared 
with their . total extent, it is manifest that the sea 
cannot have occupied its present bed during a very 
great number of centuries ^. Again, at the entrance 
of lakes', the progress of the accumulation of the 

^ Professor Jahes<>n observes, that " De Luc, in his various 
works, has estimated this action with a correctness of observation 
and of reasoning, which is remarkable only, because it has not been 
adopted by all naturalists." Essay on the Theory of the . Earthy 
translated firom the French of Cuvieb, p. 449. Fifth edit. 

^ The first establishment of this particular chronometer in geology, 
is distinctly ascribed to De Luc by Dolomieu, in his M^moire sur 
la Constitution Physique de TEgypte : ** I have already said, and I 
here repeat it ; to the works of that philosopher it is, I am indebted 
for that luminous idea.'' See likewise Dictionnaire des Sciences 
Naturelles. (article eatt.) by M. Alex. Bbongnjart, where a similar 
acknowledgment is made. 

' It is remarked by the Rev. Joseph Townsend, that the great 
lakes exhibit accretions at the entrance of rivers into them, similar to 
deltas at the mouthy' of those which discharge themselves into the 
sea. " Thus,'' he says, ** it is in the lake of Geneva, as particularly 
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sediments of rivers affords another striking chrono- 
meter of the same kind ; and in every such place, the 

noticed by De Luc. This forms an excellent chronometer. For 
had our continents existed myriads of ages before the time assigned 
by Moses to the deluge, the lake of Geneva had been long since 
filled with the sediments of its waters, and had become an extensive 
plain ; because not an atom of this sediment either escapes out of 
the lake, or is deposited at any considerable distance fix>m its 
entrance into it. The Rhone, at its departure from Geneva, having 
deposited all its impurities, is perfectly limpid, and although thirty 
feet deep, does not appear to have the depth of thirty inches.*' 
Character of Moses, &c. Vol. i. p. 398. 

Speaking of the delta formed by the Rhone, in the lake of 
Geneva, Mr. J. A, de Luc observes, that " Mr. Ltell is to a cer- 
tain point correct, when he asserts, in his ' Principles of Geology,' 
pp. 223, 224. that it was first necessary to ascertain the quantity of 
matter conveyed by that river into the lake, and to measure the extent 
of that part of it which is filled up, and its thickness ; it is only by 
exact measurements that we can arrive at positive results. Although 
I h^ve very frequently visited the spots, I could not state with preci- 
sion how far our lake has been diminished by the new lands of the 
Rhone. The breadth and depth of the portion filled up are consi- 
derable. Its length may extend to three leagues, and its breadth 
to one league. At a league's distance from the mouth of the Rhonci 
the depth of the lake was from 90 to 104 fathoms, or about 600 
feet. Much time is necessarily required for such a depth to be 
filled up by the matter carried down by a river. But although 
these calculations have not been made, it may nevertheless be justly 
concluded from the &ct of so small a proportion of our lake having 
been filled up, that a great many ages have not elapsed since the 
flowing of the Rhone. Although the Rhone deposits its impurities 
in the lake, it still conveys sedimentary matter to the sea, collected 
from the tributary rivers of the Arve, the Ain, the Saone, the Is^re, 
the Drome, the Durance, the Ard^che. 

" I cannot refrain from observing that Mr. Lyell's arguments too 
ofren rest on gratuitous hypotheses. Thus he supposes that the 
Rhone may have flowed into the lake for thousands of years, without 
importing any sediment whatever ; and states that such would have 
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dates at which possession was taken of new grounds, 
and embankments were opposed to the swells of the 
streams, are ascertained K 

been the case, if the waters had first passed through a chain of upper 
lakes, and through the channels of many of its principal feeders. 
Of the existence in former times of such lakes, there is no proof. 
The bottom of the valley, indeed, is flat in the vicinity of Martigny, 
and between that town and Sion ; but it was in all probability the 
waters of the ocean, at the time of its retreat, that levelled the bed 
of the valley, not the waters of the Rhone. Between Martigny and 
the lake there is no level ground, except what has been produced 
by the sediments of the Rhone on entering the lake. In a short 
memoir written a few years ago on the Alpine valleys which have 
their beds levelled, I came to the conclusion that such a state was 
produced by the waters of the ocean which levelled the valleys by 
the sedimentary matter they conveyed and deposited. The rivers 
may have afterwards contributed to produce the same effect, but not 
by filling up lakes. I do not understand the force of Mr. LyelFs 
argument, when he mentions the channels of many of the principal 
feeders of the Rhone. Its feeders are all the torrents that come 
down the lateral valleys or gorges ; they flow very rapidly on 
account of the slope, and they have conveyed gravel, mud, &c, into 
that river, ever since the retreat of the sea." 

In the following passage this chronometer is also admitted by the 
authors of the ** Outlines of the Geology of England and Wales." 
— " The alluvial tract at the mouth of the Po has been ascertained 
by observation to have a regular rate of increase in a century ; and 
the line where this tract begins, against what must have been the 
original coast, is capable of being determined ; these data afford, it 
is obvious, sufficient grounds for calculating the length of time requi- 
site to produce the whole of this alluvial tract." Outlines of the 
Geology of England and Wales, by Conybeare and Phillips. 
Introd. p. xxxii. 

^ Speaking of the sedimentary matter which rivers bring down 
with them to the sea, the author strikingly observes : '' This is thq 
true clepsydra of ages, which takes its date from the last revolution ; 
[namely, that which occasioned the interchange of land and sea,] 
the zero of time is there in a manner fixed by the unchanging level 

C 
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The fifth Letter in the present collection likewise 
exhibits a masterly view of the several chronometers 
.with which our continents supply us. Those which 
are formed by the progress of agriculture, and the 
various stages of cultivation, will excite peculiar 
interest, as affording one of the proofs of the small 
antiquity of the human race upon our present lands \ 

of the ot;ean ; and its degrees are marked by the accumulation of 
the deposits of rivers, as they were by the accumulation of sand in 
our ancient chronometrical instruments." Lettres sur THistoire de 
la Terre, &c. Vol. v. part ii. p. 497. 1779. See likewise the 
Fifth Letter of this Volume, § 29. 

* Adverting to this subject in his Travels in the North of Europe, 
§. 366, " The countries naturally fertile," says the author, " were 
the first peopled ; and there every trace of progress has long since 
been lost, as well in their culture, as in the number and manners of 
their inhabitants. But, as population increased, it extended itself 
of necessity over those less favourable soils, which, for a long time, 
had been thought wholly unfit for tillage, and capable only of afford- 
ing shelter for game, or a meagre pasturage for cattle. It is true 
that, according to the most ancient monuments among all nations, 
agriculture, on these continents, is coeval with the human race itself; 
but at first it consisted only in the use of the plough for the purpose 
of raising com, and in the dressing of the vine ; by these, in good 
soils, the increase of population was promoted ; but the art of ferti- 
lizing soils naturally sterile made very slow advances, and was 
taught only by experience and necessity. The barren lands, not 
occupied by forests, appear to have been, for the most part, covered 
with heath ; and it is on these in particular that the progress of 
agriculture forms a true chronometer, by the various stages of ferti- 
lization observable on the soils brought into tillage, some much 
earlier than others ; and by the consequent transformation of ham- 
lets into villages, and of villages into towns, still retaining names 
denoting their small origin, as well as by the increase in the number 
of hamlets, in proportion as cultivation has extended itself over desert 
tracts ; of this my present travels will contain additional examples." 

That our continents have successively emerged from the waters of 
0« 
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In that Letter, §§ 20, 21, he says, " the evident 
history of the cultivators of our land, comes in as a 
support to those fact^ that relate to spontaneous 
vegetation, to set aside the fabulous pretensions of 
some nations to antiquity; since it follows equally 
from both, that our continents themselves can have 
no higher date than the deluge described by Moses.** 



the ocean, is an hypothesis which he had already shown in his ear- 
liest work to he wholly unsupported by facts. The progress of 
agriculture, and general observation, supply us with numerous 
proofs that they have been gradually fertilized, dating from some 
particular point of time at which they were suddenly abandoned by 
the sea. Lettres sur THistoire de la Terre, &c. Vol. iii. p. 29. 

" Mr. Lyell,*' observes Mr. J, A. de Luc, " speaks much too 
disparagingly of the natural chronometers of my uncle. He ascribes 
one to him (p. 301.) which was established by my father, (G. A. de 
Luc) from the moving sands of the African deserts, which have been 
driven by the westerly winds over Egypt. But here Mr. L. accuses 
my uncle of having ' proceeded in his chronological computations 
on a multitude of gratuitous assumptions, not one of which he had 
the candour to state explicitly.' He is unable to substantiate his 
charge by any valid proofs, and De Luc's chronometers have been 
generally allowed by Dolomieu, Cuvier, Alex. Brongniart, and other 
geologists. It is a manifest injustice to accuse him of want of can- 
dour ; no philosopher has ever rendered himself less liable to such 
an imputation. — Mr. Lyell's explanation, (p. 449.) of the geological 
fact connected with the three pillars of the temple of Jupiter Serapis, 
perforated by marine bivalves, (pholades) is the same given by my 
father, viz. a depression below the level of the sea, and a subsequent 
elevation." See * Observations sur les colonnes percees de pholades 
du temple de Serapis k Pozzuolo pres de Naples ; suivies d'une 
nouvelle remarque sur les volcans,' published in the ' Journal de 
Physique, Cahier de Frimaire, An VIIL' (Nov. 1799.) My 
Father's observations and opinions had already been made known 
by my uncle in his Lettres sur THistoire de la Terre, &c. Letter 
XLL Tom. ii. p. 291. 1779." . 

C2 
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The celebrated naturalists Dolomieu and De Saus- 
sure acquiesced in the various proofe thus adduced 
by De Luc of the recent origin of our continents, and 
supported them by new fects resulting from their 
own observations. *' I shall defend,** says the former, 
in his Memoire sirr les Pierres Compos6es et sur les 
Roches, (Journal de Physique de Paris, tom. xli. 
Part ii. p. 42. 1792,) '' another truth, which appears to 
me incontestable, and which the works of De Luc 
have rendered evident to me ; a truth of which I see 
the proof in every page of the history of man, and in 
all those wherein the phenomena of nature are re- 
corded. With De Luc, I shall say, that the actual 
state of our continents is not ancient ; with him I 
think that but a short period of time has elapsed, 

since they were delivered up to the dominion 

of man." And De Saussure, in the second volume of 
the " Voyages dans les Alpes," § 625, speaking of the 
Glaciers des Bois, in the valley of Chamouni, situated 
on the opposite side of the central chain, expresses 
himself as follows : — *' The blocks of stone with which 
the bottom of this glacier is loaded, lead to an impor- 
tant reflection. When we consider the smallness of 
their number, and recollect that they are deposited at 
this extremity of the glacier in proportion as the ice 
melts, we are astonished that there is not a more 
considerable heap ; and this observation, as it agrees 
with many others which I shall report in succession, 
may induce us to believe, with De Luc, that the pre- 
sent state of our continents is not so ancient as some 
philosophers have supposed it to be \" 

^ This important truth is also acknowledged, and upon similar 
gromids, by M. Alex. Brongniart, in his " Traite sur les Terreins 
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While allowing to Dr. Buckland all the praise 
which is due to that geologist as a judicious and en- 
lightened observer, it would be an act of great injustice 
to De Luc, to withhold from him the exclusive merit 
of having been the first to point out those chronolo- 
gical monuments in the physical history of the earth, 
afforded by the various operations which are taking 
place on our continents. Nor can it fail to excite ^ 
some surprise, that his name should have been passed 
over in silence by the professor, when deducing the 
same inferences from these phenomena, and repeating 
the same observations which had been made with the 
utmost accm-acy and care by that illustrious geologist, 
upwards of forty-five years before the publication of 
the '* Reliquiae Diluvianae." If Professor Buckland 

qui composent TEcorce du Globe," a work which will be further 
noticed in the sequel of this Introduction. Speaking of " humus^ 
or vegetable earth," he observes, " that its little thickness over the 
whole globe, and even in places where vegetation is most active, 
offers one of the most powerful arguments in favour of the slight 
antiquity of the present state of the earth's surface." 

" In the present state of our natural science," says Mr. Kennedy, 
** a simple rule of proportion suffices to determine the period at 
which the last catastrophe of our planet commenced." Lectures on 
the philosophy of the Mosaic Record of Creation, Vol. ii. p. 210. 
*^ It ranks as one of the proudest achievements of geognostical 
science, that the phenomena of diluvian origin have at length been 
assigned their chronological relations. The Christian philosopJier 
has thus been enabled to elicit from the mysterious symbols of 
nature, the dates and circumstances of its revolutions, and to add 
one more link to the adamantine chain of the evidence of his feith." 
Vol. ii. p. 117. 

A more intimate acquaintance with the writings of De Luc, will 
no doubt induce the pious and erudite Lecturer, to transfer to our 
author the tribute of praise offered in the last passage to the able 
naturalist whom he has in view. 



i 
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'^ deemed it right to mention in honourable terms the 
observations of Cuvier, much more does it seem to 
N^ have been incumbent on him not to forget the natu- 
ralist who had so successfully preceded the latter in 
the same researches \ 

* In a letter to the editor, Mr. J. A. de Luc remarks, — '^ In the 
Reliquiae Diluvianae, p. 188, when stating that streams and torrents 
are incompetent agents for the excavation of valleys and the for- 
mation of beds of gravel, Professor Buckland quotes only Dr. 
KiDD, Mr. Greenouoh, and Brongniart, in his Natural History of 
Water. He makes no mention of De Luc, who was the first to 
prove the incompetence of such agency for those purposes, in all his 
geological works, and more particularly in his last Travels, published 
in 1811, 1812, and 1818. See the Table of Geological Facts at the 
end of Vol. iii. of the Geological Travels on the Coasts of the 
Baltic, and in England. 

'* The Professor, p. 189, mentions the new lands formed by the 
rivers of Holland, lands which never rise above the level of the 
highest possible land-Hoods ; while the diluvial deposits rise from 
beneath them, into a chain of hills. Upon this, he speaks of his 
own observations, which are merely a repetition of those of De Luc, 
made with the greatest accuracy, and after whidi, nothing more 
could be said, or better to the purpose. ' The history of deposits 
of this kind,' he says, (depositions of mud and silt, forming new 
lands at the mouths of rivers) ' has been so admirably illustrated 
in M. Cuvier *s Theory of the Earth, and the proofs he advances to 
show that the period at which they began to be formed, cannot have 
been exceedingly remote, are so decisive, that referring my readers 
to him for further information on this subject, I proceed to con* 
sider,' &c. 

** Without any wish to detract from all that may be 'admiral^' 
in the manner in which Cuvier has traced the history of the new 
lands, I shall simply ask whether it is equitable thus to pass ovet 
the first author who has ever treated this subject — who has not 
handled it superficially, but profoundly — whose observations are 
fully sufficient to prove the comparatively short period that ha& 
elapsed since the last great revolution — who has extended his obser* 
vations upon this subject from Holland to the Elbe — who has traced 
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In regard to that part of the professor's work, in 
which the interchange of sea and land, at the period 
of the deluge, is denied by him to have taken place, 
the editor has been favoured with some observations 
by Mr. J. A, de Luc, of which the following is the 
substance : — 

The mode, Mr. J. A. de Luc observes, in which 
the professor conceives the deluge to have taken 
place, spears inadmissible. He does not inform us 
by what means the ocean was expelled from its bed, 
so as to occasion the deluge, nor what causes deter- 
mined the retreat of the waters into their former 
basin. In maintaining the fact of an universal deluge 
which should have reached the summits of the highest 
mountains of the present continents, he takes no ac- 
count of the fate of the plants and animals which 
must necessarily have all perished. He does not 
inform us how the earth, after this revolution, was 

out the history of the new lands of the Meuse, the Rhine, the Issel, 
the Ems, the Weser, the Oste, and the Elbe — who has distinctly 
marked out the line where the alluvial soil comes into contact with 
the continental soil, [called in Germany geest;] who has given a 
detailed history of the first settlements on those new lands, as they 
were gradually forming. The authors who have followed or copied 
De Luc, have in fact done little more than confirm his inferences or 
results by similar observations carried on at the mouths of other 
rivers, such as the Nile, the Po, the Adige, the Garonne. 

" The facts IV. IX. adduced in pp. 226—228 of the Reliquiae 

Biluvianse, are the chronometers of De Luc." See Geol. Travels, 

1813. Vol. ii. §§821, 823, where the author speaks of the gravels 

of the banks of the Elbe, the same as those which are found in the 

soil of the whole country, and even on the hills. See ali^o the Table 

of Geological Facts annexed to the Travels in England, Vol. iii.p* 

^47. et seq. ; ** General Considerations on the Phenomena which 

prove the small antiquity of our Continents ;" and a similar table 

at the end of Vol. ii. of the Travels in France, &c, p. 430. et seq. 
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re-peopled with organized beings, since those which 
now inhabit the earth are not the descendants of its 
antediluvian inhabitants, with the exception of domestic 
animals, and the seeds of plants preserved in the ark 
by Noah. Neither does he at all advert to the in- 
fluence which the atmosphere must have exercised in 
connection with the phenomena of the deluge. It 
would appear, that at that period a great portion of 
the atmosphere was resolved into water ; and it is to 
those superior waters that must be ascribed a part of 
the devastations produced on the earth's surface. — 
Professor Buckland cannot readily get over the argu- 
ment drawn from the absence of all human remains 
from among the fossil bones of terrestrial antediluvian 
animals ; an argument confirmed by Cuvier in his 
" Recherches sur les Ossemens Fossiles,** (1825), and 
which proves that the lands now occupied by the 
human race, are not the same witii those which it 
inhabited before the deluge : and that these last are 
now beneath the waters of the ocean. This argument 
bears with it such weight, that it is not easily con- 
ceivable how the professor could pass it over so 
slightly ' . He ascribes a great deal too much to the 
action of the waters of the flood. How can he 
imagine that an inundation, sudden, simultaneous, 
universal, and transient, such as he describes, can 
have excavated the transversal valleys ? It is not a 

^ Letter VI. § 31. '' The multiplication of those large quadru- 
peds, whose bones are found in such vast numbers in our soil,'* Mr, 
J. A. de Luc elsewhere observes, '* would alone be sufficient to 
prove that man did not exist upon the same lands, were it not more-* 
over known that in the strata which enclose the remains of the 
former, no human reliquiae have ever been discovered," See Bib* 
Uotheque Universelle, (Sciences et Arts), Vol. xix. p. 132. 
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simple passage of waters that can have produced 
such astonishing effects. A cause is wanting which 
had been ahready considered necessary by the late 
Mr. EscHER^ of Zurich, who has so carefully observed 
the Alps. Let us advert to this geologist's assertions 
respecting the transversal valleys of that chain. " If 
those valleys,** he says, " and the mountains which 
border them, are considered with attention, the fol- 
lowing remarks, in general, will occur. Those valleys 
intersect the longitudinal chains, and the longitudinal 
valleys at angles more or less obtuse, frequently even 
at right angles ; and the masses which are on each- 
side of those intersections, exactly correspond in the 
direction and inclination of their strata; insomuch 
that the valleys exhibit the appearance of breaches 
made, by some subsequent cause, in the strata, ori- 
ginally continuous, of the great chains. The inter- 
mediate mass which previously occupied the vacancy, 
was destroyed and carried away, at a time when the 
mountains were already consolidated in the manner 
they now actually are. Nevertheless, it by no means 
follows from hence that the transversal valleys have 
been gradually excavated by our present currents. 
Here causes much more powerful have been at work; 
for the transversal valleys, at their outlet from, the 
Alps, are very deeply intersected, as is more especially 
rendered evident by the lakes which still exist, and 
which are found at the opening of many transversal 
Yalleys.'* Mr. Escher is of opinion that the fractures 
which produced the transversal valleys of Switzerland, 
were occasioned by the violent passage of the waters 
which originally filled the highest longitudinal valleys \ 

' Mr. J. A. de Luc assigns another cause to the opening of the 
transversal valleys. See Letter L § 21, (note^) 
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He considers that revolution as identical with that 
which swept from the Alps those innumerable frag- 
ments of rocks now observable^ and which scattered 
them over the deep valleys, as well as on the sides of 
the chain of Jura opposite the Alps. He accounts for 
the disappearance of the rocky masses which once 
filled up the gaps by which the transversal valleys 
intersect the chains, by directing the attention to the 
enormous heaps of rolled pebbles which are found in 
all the longitudinal valleys, and along the whole line 
of the foot of the Alps ; to which must be added the 
materials which fill up all the d^ths of the great 
valley situated between the Alps and the Junu 
*' Some of the valleys of the Alps,** sajrs Dolomieu, 
** have been excavated in the heart of those moun- 
tains by an abrasion as violent as it was active, a 
circumstance indicated by the correspondence of the 
banks in the sides in perspective, and which is ascer- 
tained, with regard to some of the valleys, descending 
from Mont Rose, by metallic veins which preserve 
their direction by appearing in the mountains opposite, 
notwithstanding the great solution of continuity.** It 
is not assuredly the transient waters of Dr. Buckland's 
deluge which have produced those abrasions, nor 
which have detached the granite blocks from the 
needles of Chamouni. 

If mountains such as the Mont Blanc, have been 
formed by elevation, or by what De Saussure terms 
refoulement ^ as several able geologists imagine, it is 
not necessary to raise the waters of the deluge to the 
height of the loftiest mountains, in order to explain 
the transportation of the granite blocks. 

* See Letter I. §21, (note.) 
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It is by no means probable that at the epoch of 

the deluge, the surface of the sea a^ttained the high 

sununits of the Alps ^ and in particular the basis of 

the needles of Charaouni, where we only just begin 

to find the cMoritic granite, similar to that of which 

the blocks which he on Mont Salev^ are composed. 

On the contrary, there are phenomena which indicate 

that at the period of the last retreat of the sea, its 

level was but little elevated. This would appear from 

those accumulations of marine exuviae belonging to 

the moUusca, which now lives only on the sea-coast, 

and in shallows ; such are the accumulations, consti-- 

tating the beds of ibssil shells of PiednK)nt, the States 

of Parma, and those in the vicinity of Paris. When 

these animals lived, the waters of the sea could not 

be of very great depth upon the plains of Eiu-ope ; 

all the chains of mountains, and their upper valleys, . 

were above the level of the sea. The fragments of 

petrified wood, and the bones of the large quadrupeds, 

such as the elephant and the rhinoceros, found with 

the beds of shells in Piedmont, in the States of Parma, 

and in the Val d'Amo, evidently show that there 

existed dry lands, in the neighbourhood of the sea 

where those animals lived to which the shells be*- 

longed ; and such lands could not be other than 

the valleys of the Alps, and those of the Appennines. 

We may, therefore, suppose that the sea was at that 

period raised only from two to three hundred toises 

above its actual level ; its waters were consequently 

very far from reaching the basis of the needles of 

' De Luc 18 of opinion that the Alps were islands in the ancient 
sea. Journ* de Physique, torn. xli. (part ii.) p. 221. et seq* 
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Chamouni, whose height above the level of the ocean 
is from twelve to thirteen hundred toises — or even 
the basis of the needles in the sea of ice, which is 
less elevated. 

In reference, also, to the adoption, by the Rev. G. 
S. Faber, of Dr. Buckland's opinion, that the tracts 
of land which we now inhabit are the same as the 
antediluvian continents, Mr. J. A. de Luc makes the 
foUovmig remarks : — '' This opinion is not only sub- 
verted by the argument deduced from the total ab- 
sence of human fossils from our strata, but there 
exist undeniable proofs of a long continuance of the 
ocean upon extensive portions of the present conti- 
nents, immediately preceding the retreat of the waters 
from their surfaced It is in vain that Mr. Faber 
seeks the site of Paradise : the state of the earth 
is altogether changed. Mr. F. observes, in his 
Origin of Pagan Idolatry, that the antediluvian 
mountains 'must have sunk very deep in order to 
lay bare such mountains as the Andes.' Granting, 
however, that the Andes should always have had the 
height which they now have, a circumstance which 
admits of a doubt, it is not necessary to suppose that 
the waters of the ocean rose to their summit pre- 
viously to the flood; they might have stood at a 
much lower level. Mr. Faber does not seem perfectly 
to understand the opinion of De Luc, when he says 

^ See Mr. J. A. de Luc*s interesting Memoir in VoL xix* of the 
Bibl. Univ. (Sciences et Arts) 1822, pp. 120 — 132, entitled, " Con- 
siderations sur le gisement des os fossiles d'Elepbans." Similar con- 
clusions from the phenomena were formed by M. Alex. Brongniart, 
as will appear from a passage cited at the end of the Vth Section 
of this Introduction. 
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that the olive-leaf could not have been plucked off by 
the dove from a tree that floated at the surface of the 
waters. De Luc conceives that the oUve-leaf was 
plucked off from a tree which grew on an island that 
had not been submerged ^ Mr. Faber is in error 
when he thinks that a continuance of a hundred and 
fifty days at the bottom of the waters would not have 
destroyed the olive-trees ; ten or fifteen days would 
have sufficed for that purpose. Besides, the violent 
motion of the waters would have suffered nothing to 
subsist at the surface of the earth ; all vegetation 
would have been destroyed, or swept away.** In the 
general correctness of these observations, the editor 
cannot but concur. 

Long Residence of the Sea upon extensive portions of our 
Continents immediately before the last Revolution. 

That the sea rested for a considerable period of 
time on many portions of our present lands, previously 
to its retreat into the bed which it now occupies, has 
been satisfactorily shown by De Luc. It would ap- 
pear from his repeated observations in various parts 
of our continents, that nimierous and very extensive 
strata of quartzose sand, together with beds of clay, 
marl, and other materials were chymically precipitated 
from the waters of the sea, at a period immediately 
preceding the great revolution ; and that it is by a 
continuation of its last precipitation, that we find its 
new bed covered with a great abundance of sand ^. 

^ Letter VL § 18. 

' See Letter II. .§ 16. IV. § 32. In the 589tb § of Vol. ii. <^ 
the Travels in France, &c., the author adduces the testimony of De 
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Many of those strata which abotmd with marine 
bodies^ were evidently formed in the very places 
where they are now deposited^ and indicate a long 
residence of the sea K In Siberia^ for example^ fossil 
bones are frequently discovered in or beneath strata 
filled with shells. Thus^ at a short distance from the 
river Iset, which dischai^es itself into the Tobol^ there 
have been foimd, in a sandy bluish day, the bones of 
elephants black at the exterior, and in a decayed 
state, together with shark's teeth ; that bed of clay 
was covered by eight different strata of a marly 
yellow clay, sand, &c., of which the four lowest were 
micaceous. Mr. J. A. de Luc quotes the authority 
of Professor Pallas for this particular fact ; he ob- 
serves that the operations of the sea must have been 
of long continuance on that spot, after the elephant 
bones and the shark's teeth had been buried in the 
blue clay ; and states his opinion that a great part of 

Saussure, in confirmation of his opinion, that the sand extended in 
strata over vast tracts of country in different parts of Europe, and 
similar to that on the hed of the sea, is the product of the latest 
precipitations in the ancient ocean. " It was not owing to incur- 
sions of the sea upon our continents, that it has covered them with 
so much sand : it deposited the sand, stratum by stratum, during its 
abode upon them." Letter V. § 9. 

* " We do not perceive in these loose strata," says the author, 
" any sign of violent agitation in the water that produced them ; 
they have been formed, like all the other strata, by deposits made 
at the bottom of a tranquil liquid, and all the extraneous bodies 
which they contain, were there enclosed," &c. Letter I. § 18. " I 
have seen bones of elephants taken from several spots which I have 
myself observed ; the soil was composed of regular strata of different 
species, lying one over another ; and thus plainly denoting, as well 
as some of which I am going more particularly to speak, that the 
sea was calm during their formation." Elem. Treat. § 325. 

9 
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those boiies must have been buried beneath the waters 
of the ocean^ a long time previously to the last revo- 
lution/. Mr. Parkinson^ in hke manner, considers 
that the widely extended beds of sand and gravel so 
commonly occurring, with sandy clay, sometimes inter- 
mixed and sometimes interposed, were slowly de- 
posited by the sea* GeoL Transact VoL I. pp. 327, 
341. 

It is Anther to be remarked, that those beds, al- 
together extraneous to the stony strata on which they 
had been formed beneath the waters of the ocean, 
have suffered the same ruptures, dislocations, and 
partial subsidences, as the stony strata *. 

* See Mr. J. A. de Luc's Memoir, noticed above, Vol. xix. of 
the Bibl. Univ. ; and the second part, in the same volume, p. 260, 
et seq. In that Dissertation will be found several other instances, 
indicating a long residence of the waters of the ocean upon extensive 
portions of our present lands, antecedently to its last retreat. See 
also Letter L § 15, et seq. and Letter IV. § 6. of this work ; and 
Lettres sur FHistoire de la Terre, &c. Vol. iii. p. 25 ; v, pp. 
20, 856, 357. 

In regard to the gravels which are found intermixed with the 
beds in question, those of flint, according to our author, proceed 
frott the strata of chalk which were dissolved while still covered by 
the ancient sea, while those which are fragments of stony strata, 
chiefly primordial, originate in the revolutions which the bottom of 
the sea was so frequently undergoing. Mr. J. A. de Luc is of 
opinion that much of the gravel contained in the superficial soil, 
and which is composed of fragments of stony strata, was produced 
hy the currents of the sea when it changed its bed, that is to say, 
at the period of the last revolution which the earth has undergone. 
See note. Letter V. § 9. 

'See Travels in France, Vol. L §§ 138, 311. II. §§601, 644, 
753, 809. Geol. Travels, Vol. L §§ 137, 298, 314, 321, 378, 380. 
Vol. in. § 1007. " I have seen," says the author, " in Germany, 
in Italy, in France, in England, sandy strata containing marine 



32 INTRODUCTORY REMARKS [sict. n. 

Referring, in his remarks on Kirwan*s Geological 
Essays, to the vast accumulations of shells found in 
loose and superficial soils, '' these shells," says De 
Luc, '' are found in regular strata of marl, argil, and 
different kinds of sand. In some places, those strata 
continue the same to the greatest depth we can reach ; 
in others, their nature changes as we penetrate the 
soil ; and then it most commonly happens that, after 
having met with a certain family of shells in a parti- 
cular class of strata, we find different famiUes in those 
either above or below, in the same manner as we 
observe the families to change in the stony strata, 
where they form whole mountains. Lastly, the loose 

bodies, fractured and inclined together with the stony strata which 
they cover, whose sections are seen beneath them in spots 
where a subsidence has taken place on one of the sides of the frac- 
ture, and sometimes opposite the great subsidence, namely, in the 
cliffs on the sea-coast." Abreg6 de Principes et de Faits, &c, 
p. 86. 

Mr. J. A. de Luc, the younger, speaking of the vertical strata in 
Alum Bay, in the Isle of Wight, says, " T observed them in the 
year 1797; they are extremely numerous, and I was much struck 
by them. Among those strata of marl and clay, there was a bed of 
flinty nodules in a vertical position, as well as all the strata on the 
right and left....... .Those vertical strata extend across the 

island from west to east ; here then we have a striking instance of 
argillaceous strata, which have participated in the catastrophes of 
the chalk strata beneath ; it is a very important phenomenon, which 
serves at the same time to prove that the British channel was formed 
by subsidence^ and that it is thus the coasts of France were separated 
from those of England. For a detailed account of Mr. J. A. de 
Luc's observations in Alum Bay, see Geol. Travels, Vol. II. § 600. 
A remarkable instance of the phenomenon in question was observed 
by that able geologist, in 1817, in Piedmont, in the neighbourhood 
of Annone, between Asti and Alexandria. Bibl. Univ. (Sc. et Arts) 
Vol. XIX. p. 121. note. 
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strata^ which are always parallel to each other^ lare ill 
various places fractured, and highly inclined, as well 
as the stony strata which they coven" 

From these facts De Luc deduced the following 
important inferences : — ^that while these shells directly 
prove our continents to have been formerly covered 
by the sea, it is no less evident that they could not 
have been deposited by the waters of the deluge ; for, 
in that case, the utmost confusion would prevail 
throughout all the loose substances on the surface of 
our soils; — secondly, that these regularly disposed 
strata were produced from the last precipitations 
which took place in the sea, when marine animals 
existed at its bottom ; — and, thirdly, that the sea 
retired from our continents, by changing its bed^ 

Some Knks of connection which subsist between 
the facts in geology that have here been noticed, and 
the Mosaic account of the deluge, will now be pointed 
out. 



SECTION III. 

Connection between the Mosaic narrative of the Deluge 

and Geological Phenomena. 

The phenomena of the earth are in essential agree- 
ment with the prediction of the flood to Noah, pur- 
porting that all the inhabited parts of the globe should 
be destroyed. " And God said unto Noah, the end 
of all flesh is come before me ; for the earth is filled 



* Element. Treat. § 326. Letter V. § 8. 

D 
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with violence through them : and behold, I will de- 
Btroy them with the earths 

The author had attached the utmost importance to 
the ascertaining of the precise sense, in the original, 
of God's sentence pronounced i^inst mankind. He 
addressed himself to several Hebrew scholars of great 
eminence, and without acquainting them with his ob- 
ject, he requested the strictly Uteral translation of the 
words. All the renderings given him agreed in the 
sense of our translation, but expressed with greater 
force, as warranted by the original; and Professor 
MiCHAELis, of Gottingen, celebrated for his profound 
knowledge of the Oriental languages, sanctioned the 
translation thus obtained, having subsequently in his 
German version rendered the passage as follows :-— 
''Behold, I will destroy them, and the earth with 
them." There is then no ambiguity in the sense of 
these truly important words. Now geolc^, observes 
De Luc, shows the reality of the deluge as occasioned 
by the destruction of an ancient land, and the forma- 
tion of a new one ^ On the supposition of the reahty 
of the flood, merely, he says, — without any revelation 

* Lettres sur THistoire de la Terre, &c. Vol. v. part ii. p. 648. 
Consonantly to this fact, Josephus (Antiq. 1. i. 3, 2.) writes tlq 
daXatrtrav rriv fiweipov fietijiaXe, with which we may compare the force 
of airwXero in 2 Pet. iii. 6., as connected with 6 rdre Kdtrfwg, 

The author of " Ccmversations on Geology," has, it will be seen, 
;&llen into two considerable errors; first, when asserting, p. 31d| 
that " it was never imagined" before " Mr. Granville Penn*s view 
of the event, that the former antediluvian land was now the bed of 
the ocean, and our land its former channel ;" and, secondly, when 
•he says, p. 311, that " all previous geologists" (previous to Mr. 
Granville Penn) ** have overlooked the words * together with the 
earth.' " 

3* 
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to Moses^-^Noah and his family, enclosed in the ark 
during the revolution of the globe which produced the 
deluge, and simply witnesses of certain effects, could 
not be able to ascertain its cause, nor consequently 
have transmitted it to their posterity. And if, in order 
to ensure attention and deference, they had been in- 
duced to add the fiction of a revelation, they would 
never have invented these words, which, undesignedly, 
but pointedly, indicate the cause of the catastrophe. 
The same expressions do not again occur in the nar-- 
rative of Moses ; nothing is found to relate to them, 
excepting through connections supplied by natural 
history, and the history of mankind^; without such 
aids those connections are not perceived in his plain 
and unostentatious recital, and even the Jews did not 
understand them. Moses, without any comment, ref- 
lated what he was commanded to say. From this 
whole view of the subject, the certain idea of a reve- 
lation will arise : for Moses was not a naturalist ; the 
book of Genesis is not a system of cosmogony, a 
generalization of phenomena observed and ascribed to 
certain causes, nor had mankind yet applied them- 
selves to the investigation of terrestrial phenomena. 
This we know from the vestiges which still remain of 
the knowledge of the most ancient nations ^. Moses 
states to the Israelites, that he was entrusted with a 
special mission from God, for the purpose of announc- 
ing anew to mankind the origin of the universe, and 
from what period of time they had inhabited the earth, 
as well as to deliver to them a code of Divine laws. 



* See Letter VI. of this volume. 

* LeUres sur rHistoire de la Terre, &c. Vol, v. p. 649. 

D2 
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The Jews had signs of his mission, and they believed 
in him. We have no longer those signs ; and hence 
the necessity of researches on our part ^ Among the 
events recorded in his narrative, all those that are 
circumstantially described, are of a nature to have 
left traces behind them upon the globe. Now if such 
traces are discoverable to us by natural history, and 
the history of, man, the whole narration is verified by 
the only means by which we are enabled to ascertain 
the truth in subjects of this kind. The fact which 
De Luc has chiefly chosen, as standing instead of 
signSy is the deluge, and all its consequences; and 
here the first object which arrested his attention, was 
the Divine denunciation as expressed in those remark- 
able words, '^ behold, I will destroy them, and the 
earth with them." 

" We see,** he observes, '' that the term earth, does 
not here signify the terrestrial globe, but the land in- 
habited by man ^. It was, therefore, the destruction 

* Lettres sur FHistoire de la Terre, &c. Vol. v. p. 647. 

' Such was likewise the opinion of Isaac Vossius, as given in his 
Sacred Chronology ; an opinion also adopted by Father Mabillon, 
who, in the estimation of Bossuet, was the most pious and learned 
theologian in France. In 1 685, Vossius's work was submitted to 
the Congregation of the Index, i. e, the assembly of cardinals and 
theologians,, to whom was committed the censorship of books. 
Mabillon was at that time at Rome, and was invited by Cardinal 
Cazanate to the meeting of the congregation held for the purpose 
of investigating the charge against Vossius. Nine cardinals were 
present. Mabillon defended Vossius ; he showed, in common with 
other divines, that the expression, " the whole earth" is not always 
in scripture language to be rigorously taken, and often signifies 
only a great part of the world ; and more particularly urged that 
the essential point to be admitted was acknowledged by Vossius, 
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of those continental parts that was foretold to Noah. 
Now geology, as I have explained in my former Let- 
ter, proves, that at a period corresponding with that 
assigned to the deluge, there were ancient lands which 
sank ; and as the sea rushed over them to occupy their 
place, all the organized beings necessarily perished. 
Thus geology, a science but very lately advanced so 
far as to explain to us the real history of the globe, 
comes in, as an evidence, that, at this very period, 
the human race was destroyed \'' " If hi» history had 
been a fable," the author further remarks, " Moses 
might well have been expected to show as much ima- 
gination, as those painters who, from false ideas of 
the deluge, have drawn pictures in which men are 
represented as crowding to the tops of eminences, and 
flying from rock to rock to escape the waters, Moses 

namely, that all mankind, with the exception of Noah and his 
family, perished in the flood. He spoke with so much erudition 
and judgment, says the author of his life, that the cardinals ac- 
quiesced in his sentiments, and all thoughts of censuring the opinion 
of Vossius were relinquished. See the Preface to the Paris editioa 
of the following Letters. 

" Consentiunt quidem omnes," says Lb Clerc in his Commen-> 
taries on Genesis, ^* diluvium eateniis universale fuisse, quatenus 
totum orbem habitatum oppressit, universumque humanum genus,, 
exempts, Noachi famili^, eo interiit. At alii volunt totum telluris 
globum aquis obrutum fuisse, quod alii negant." He then proceeds 
to state with great impartiality the arguments that have been adduced 
on each side the question. '* It is evident," observes Bishop Stil- 
IIN6FLEET, '* that the flood was universal as to mankind ; but from 
thence follows no necessity at all of asserting the universality of it a& 
to the globe of the earth, unless it be sufficiently proved that the 
whole earth was peopled before the flood." Orig. Sac. Book iii. ch. 4» 

' Letter VI. § 6. 
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then, representmg to himself Mount Aramt, as covered 
with the dead bodies of the inhabitants of the country 
who had there sought refuge, would have substituted 
poetry for painting, and we should have had an elegy 
in the place of those fantastic pictures. But he is 
sflent upon the subject, because he was writing the 
true history of Noah and his fiEunily, who, landing on 
an island of the ancient sea during its retreat, found 
there no human remains K 

Thus the absence of human fossil remains from our 
strata, constitutes another of the many connecting 
links between the scriptural narrative of the deluge, 
and the &Lcts and observations of every kind with 
which we are furnished by geology \ 

These undesigned and imexpected coincidences, 
coupled with the fact established by the various classes 

* Letter VI. § SO. 

' The human reomins that have been recently found in die 
caverns of Bise, near Narbonne, and other spots, together with frag- 
ments of earthen vases, and other works of art, are, in the opinion o{ 
Mr. J. A. de Luc, jun. and other naturalists, plainly post-diluvian, 
and their presence may be accounted for by accidental circumstances* 
He considers that M. Marcel de Sebkes ventures too £ir, when he 
asserts that human remains are inconiestahly intermixed, and are 
fbund in the same geological circumstances with certain species of 
terrestrial mammiferae hitherto considered as antediluvian. '* The 
occurrence of pottery," says an able writer in the Edinburgh Re- 
view, Oct. 1830, ''and of the bones and shells of animals st3l 
existing, would lead to the notion that these caverns may have been 
inhabited at a very remote period, but still afler the period of the 
deluge, by some wild animals of the country ; or that some solitary 
human beings may have taken reftige there, and that afterwards, 
the caverns may have been filled with mud by some subsequent and 
partial deluge." 
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of natural chronometers^ that the antiquity of our con- 
tinents is not greater than the Mosaic chronology 
from the deluge ascribes to them, thus afford us a 
powerful evidence of the inspiration of the sacred 
writer'. 



SECTION IV. 

Two Periods in the History of the Earth. 

The study of terrestrial phenomena, says De Luc, 
enables us to discern and distinguish two separate 
periods in the history of the earth ^ ; one prior, the 
other posterior, to the epoch at which pur continents 

^ In the sixth Letter of the present collection, and in the second 
part of the fifUi volume of the " Lettres sur THistoire de la Terre," 
&c. the coincidences In question are very fully considered. 

* Letter V. § 11. Journ. de Physique, torn, xxxix. (Part ii.) 
p. 333. 1791. Geol. Travels in France, Vol. ii. p. 375. The 
Saiumiany or antediluvian, and the Jovian^ or post-diluvian, periods, 
established by M. Alex. Brongniart, in his classical work, entitled, 
"Tableau des Terrains qui composent Tecorce du globe," (18£9), 
bear the closest analogy to the two great periods of which an ac* 
count is given in the text ; the distinction indeed was evidently 
suggested to that able naturalist by the works of our author.. The 
Jovian period, according to M. Brongniart, *' includes all terrestrial 
phenomena that are beyond doubt posterior to the structure and 
form of our continents, u e. every thing that may have been operated 
at the earth's surface, without the necessity of having recourse for 
its explanation to powerful causes, the action of which is no where 
observable, dating from historical times •••••• The Satumian period 

comprehends all the geological phenomena, the existence of which 
cannot be accounted for without calling in the aid of forces which 
are no longer in action.'' The most important of those phenomena 
are enumerated in pp« 6S, 64. of his work. 
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began to exist. To such a distinction we are led by 
the discovery that the part of the globe which is at 
present inhabited by man, was once the bed of the 
sea; for the first period must evidently have been 
that of the continuance of the globe in this first state; 
and the second must have begun at the epoch when 
the bed of the ancient sea became dry land. This 
last period the author calls the modem history of the 
earth, — ^in which we have a fixed chronology, and 
which has already been here brought under consider- 
ation : — ^the former he designates by the appellation 
of its ancient history, which comprises that series of 
geological events in which we discern only a succes- 
sion of subordinate periods, without any determination 
of time '• 

It is to the want of discriminating between these 
two periods, and between the phenomena separately 
assignable to each, that the author ascribes the errors 
of the earliest geologists. They had supposed that 
our continents, since they have existed as such, have 
been the theatre of certain operations, which are 
now demonstrated to have taken place on the bed 
of the sea ; and as this mistake rendered it impossible 
to attribute these operations to any other causes than 
those known to be at present acting on the surface of 
the globe, it has hence been found necessary to allow 
to the action of these causes a time without any 
determinate limit ; because it cannot be shown that, 
within a known period, they have produced any 
similar effect*. Of this De Luc adduces as an ex- 

* Letter V, § 11, Travels in France, &c. Vol. ii. p. 375. Lettres 
sur THistoire de la Terre, &c., Vol. v., Part ii. p. 488. 
' Travels in France, Vol. ii. p. 376. 



SECT, iv.l AND ILLUSTRATIONS. 41 

ample, '' the supposed excavation of valleys by the 
action of running waters ; an operation which would 
require a time absolutely illimitable, since no actual 
progress in it can possibly be pointed out \" He has, 
however, on the contrary, made it appear that streams, 
far from having excavated their beds, have in a variety 
of places raised them to a higher level than they ori- 
ginally possessed ; and has proved that the cavities of 
the pools and lakes which still exist along the courses 
of so many rivers, must have been filled up, if the 
valleys in which those rivers flow had actually beett 
hollowed out by them ^ 

* Travels in France, Vol. ii. p. 376. See also De Luc's " Geolo- 
gical Travels," Vol. iii. p. 520—528. " Table of Geological facts." 
In that volume the author combats the error of Prof. Playfair, " in 
his not allowing for any other agents in the production of valleys, 
than those which, since the continents have existed, have exercised 
their action in them." p. 372, et seq. 

Professor Sedgwick is of opinion that the deep gorges and river' 
channels in the high regions of Auvergne, were excavated solely 
by the attrition of the rivers which still flow through them. Dolo- 
mieu, in 1798, had combated this opinion in the Journal des Mines, 
observing that the valleys of Auvergne could have been hollowed 
out only by an extraordinary force which is now no longer in action ; 
for it is not by causes now in operation that nature could have 
produced Such excavations. The rills of water which run in the 
valleys of those districts could not have excavated the mass of a 
granitic rock, frequently extremely hard, to the depth of six hundred 
ieet, and including a breadth sometimes of half a league, leaving 
lateral embankments nearly similar to the walls of a rampart. 

' Travels in France, &c.. Vol. ii. §§ 498, 562. " Dr. Hutton's 
assertion," observes Mr. J. A. de Luc, " * that on our continents 
there is no spot on which a river may not formerly have run,' is 
without any foundation ; there are extensive tracts of country in 
Europe which have never been watered by streams. In England, 
for instance, no river has at any period ever flowed over Hamp8tead> 

9 
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But by «n attentive stady of our ccmtiuents^ it h 
possible, according to the author, to discover the 
effects of causes which have been in action on the 
bed of the sea, antecedently to its retreat, but which 
have mice ceased to operate \ By the same enquiry 

Highgate, Shooter's Hill, Black Heath, Eppii^ Forest, and yet 
those hills are covered with water-worn flint-gravel. The channels 
of rivers having been produced by antecedent catastrophes, were 
idready prepared to receive and collect their waters, and since the 
:tetreat of the sea from our continents, the rivers have deviated very 
little from their original beds. Most of the pebbles occurring so 
abundantly in the beds of rivers, have not been brought down by 
them ; they were found in the country, and are identical with those 
still scattered over the neighbouring hills, where no river has ever 
flowed. But Mr. Lyell asserts, p. 70, * that De Luc generally 
reasoned against Dr. Hutton, as if the latter had said, that the 
existing rivers flowing at their present levels^ had caused the exca- 
vation of valleys.' If Mu Lyell had quoted De Luc's own words^ 
the reader would have seen that my unde made no such supposition 
as Mr. Lyell ascribes to him." 

^ The author states in his Elementary Treatise, that in the course 
of their geological career, his brother and himself came to a first 
conclusion, which thenceforth was their guide, and which he always 
considered as the true introduction into the field of geology. " We 
saw," he says, ** that an essential distinction was to be made among 
the various phenomena which the surface of the earth exhibits, with 
respect to their causes ; determining in regard to each of them whether 
the causes which have produced it are still in action, or have, at some 
epoch, ceased to act. If this discrimination be possible, it evidently 
becomes a first guide in the research of causes, which will prevent 
many errors. Now, when we had fully convinced ourselves that 
this distinction was pointed out by the phenomena themselves, we 
clearly saw, on studying the theories of the earth then known, that 
the principal source of the errors, which had been detected in them 
by subsequent observation, was the confounding of the periods 
in which certain efiects had been produced. For, by attributing 
to causes which were seen in action, such efiects as they were inca- 



SECT. IV.] AND ILLUSTRATIONS. 4» 

we may ascertain the cause which, in particular, pro* 
duced the retreat of the waters from the sur£a,ce of 

pable of ever prodactng, an impenetrable veil was thrown over past 
causes ; since these can be discovered only by their real effects, more 
surely to be ascertained when separated from those produced by 
causes, which are still operating, and producing such effects, as may 
be discerned to belong to them. Continuing our observations widi 
this object in view, we came at length to a conviction that the pro* 
duction of the mass of our continents, in regard both to their com- 
position and general form, as well as their existence above the level 
of the sea, should be ascribed to causes no longer in action on our 
globe ; and that the whole of the effects of existing causes had been 
limited to the modification of dns original state. Insomuch that the 
first study requisite to the investigation of the past history of the 
earth, was that of the action of causes now in operation, that thus, 
by their being every where determined, our continents might be 
traced back to their original state." Pp. 36, 37. 

Alex. Brongniart, as has already been stated, and Cuvier [See 
Vth sect, of this Introduction] concur in recognisitig the important 
distinction here made between the causes which have ceased to act, 
and those which are still operating. This distinction is denied, 
upon insufficient grounds, by Mr. Lyell, in his " Principles of Geo- 
logy." Valuable remarks on this subject, occur in a series of Letters 
by the Rev. W. Conybeare, inserted in the New Philosophical 
Magazine, 1830, and continued in the present year. 

** It wotild appear," says Mr. J. A. de Luc, jun., " that Mr. Lyell 
would bring back geologists to the opinion of Button and Play£siir, 
that existing causes are the same with those that have operated in 
ancient times— an assumption which is inadmissible — and that such 
causes are sufficient to explain all the phenomena. His theory is 
the same with that of Prof. Bertrand of Geneva, respecting succes- 
sive renewals of continents, and successive deluges. It is somewhat 
surprising that such syBtems ^ould be revived. — One would imagine 
that Mr. L. is desirous of indirectly combating De Luc, who showed 
diat there had been a commencement to terrestrial phenomena, and 
diat the commencement was the creation of light." — [See the sequel 
of die present secti(m.] 

Some sound reasoning in refutation of Mr. LyeU's doctrine, that 
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our continents ; and may gain also a general know-" 
ledge of the physical events which succeeded each 

there are no traces of any 'beginning to the series of changes and 
productions that have occurred at the surface of the globe, or of 
any variation in its present agencies, will be found in the Quart 
Rev. for October 1830. The writer, in opposition to this doctrine, 
justly maintains, that all analogy is in &vour of inferring that the 
succession of events which we perceive on the earth's surface has 
not been going on from all eternity, and that the contrary assump- 
tion is decidedly more unphilosophical. He illustrates his argument 
by a direct fact. " The peculiar spheroidal form of the globe is 
precisely such as would be assumed by a fluid body possessing its 
actual rotatory motion ; a strong and almost demonstrative argu- 
ment, that its whole surface was once fluid to a very considerable 
depth, and therefore under totally different circumstances from the 
present." *' The early schistose rocks, gneiss and mica-slate," he 
further observes, " do not appear to be any where produced in the 
present circumstances of the globe." 

These remarks, it will be seen, are strictly conformable to the 
views of the author. The latter, from observations of his own and 
the whole assemblage of facts, entirely concurs in opinion with 
Dolomieu, that ** there is no operation now taking place in the sea,- 
that bears the slightest analogy to those productions of mineral sub- 
stances in strata, which took place formerly on our globe." -Letter 
III. § 13. In his ** Correspondance entre le Dr. Teller et J. A. de 
Luc," p. 132, our Author likewise maintains that the formation of 
strata continued until the time that the sea changed its bed, but that 
from the period of its residence in its present bed, the precipitations 
have ceased, their causes being exhausted, 

" Mr. Lyell," writes Mr. J. A. de Luc, jun., " has dwelt on the 
effects of volcanos, with a view to show that the same operations are 
still in action which took place in remote ages. But let him point 
out volcanos formed in the present day, similar to Etna, and to the 
Peak of Teneriffe^* — to those of Peru, of Chili, of Kamtschatka, &c. 
He will certainly be unable to do this. It is, therefore, reasonable to 
maintain that in the earliest periods of volcanic eruptions, these were 
beyond comparison more considerable than they are at the present day. 
The same observation holds good likewise with regard to earthquakes." 
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other upon the globe before the great epoch whence 
the present abode of mankind derives its date. And 
by determining, as we thus may, the precise state of 
the continents, when they were abandoned by the sea, 
we attain what may be considered as a central point 
in geology, having reference to both the present and 
past periods of time above noticed. 

In the following Letters the certain and well de- 
termined effects of past causes are traced out in 
minute detail ; and the author has a just claim to be 
considered as the first philosopher who, owing to the 
deep researches that have been made in terrestrial 
physics, and more particularly in mineralogical chy- 
mistry, — ^researches which he has himself greatly ad- 
vanced, — ^has given a connected view of their general 
causes. Thus he has pointed out the cause of the 
successive differences which we observe in the sub- 
stances of which our strata are composed, together 
with the origin of these substances. He has thrown 
great light on the difficult problem presented by the 
intermixture, in some of om- strata, of marine animals 
with the remains of terrestrial animals and vegetables. 
He has explained the cause of the disordered state of the 
ptrata, and has satisfactorily shown why their ruinous 
fragments are now found above the level of the sea. 

The formation of mineral strata, successively dif- 
fering in their series and respective species, consti- 
tuted, he says, the first great effect of those causes at 
present no longer in action. Now the processes and 
progressive operations which such formation of neces- 
sity implies, must have required a very considerable 
length of time. 

De Luc's assumption, in common with some com- 
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mentators^ that the '^ six days" of the sacred historian 
were indefinite periods of time^ is well known ; and 
some of the reasons on which his opinion is grounded, 
are adverted to in the third Letter of this collection, 
^ 1. A fiurther development of that' opinion will here 
be given from works of the author Uttle known in this 
country, and some corroborating observations will be 
subjoined, tending to show that those operations were 
effected, not in solar days, but in periods of indeter- 
minate length. But previously it may be proper to 
exhilnt a brief view of some of the operations con- 
sidered by him a& having taken place during this first 
period of the history of the earth ; inasmuch as not 
only it will thus be made more distinctly to appear 
what a vast time these operations must have required, 
but because from passages which will be adduced 
from the PreKminary Discourse to the '' Recherches 
sur les Ossemens Fossiles" of Baron Cuvier, the 
striking coincidence in several of the results of the 
researches of those two eminent geologists will be 
rendered apparent. 



JSummary view of a series of Geological Events which 
have taken place in periods of indefinite length. 

The epoch from which the author begins to trace 
the principal physical events which have happened 
upon our globe, is not an arbitrary one, but an epoch 
rendered evident to us by geological phenomena. The 
production of the mineral strata having been followed 
up by an uninterrupted series of other effects, which, 
though tending towards an end, is not yet terminated. 
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a certain original period in the history of the earthy is 
pointed out^ with great precision^ when a cause^ before 
wanting, began to exist, of which the production of 
those strata was the first operation. That cause is 
specified in the following passage : *' The beginning,*' 
he says, '* of all the operations of which we observe 
the effects upon the great bodies of the universe, and 
in particular upon our globe, is an epoch in time, de- 
termined by the new accession of light, which, united 
to their other elements, gave room for the exercise 
of chymical affinities, and for all the physico-mechani- 
cal operations thence resulting \" From this union, 
consequently, the beginning of all geological pheno- 
mena takes its date. On this point M. de Dolomieu, 
in his Memoire sur les Pierres composees, &c. asserts 
his general agreement with De Luc that '' there was 
an epoch at which an essential change must have 
taken place on our globe, since from thence resulted 
all observable phenomena, which had not been pre- 
viously produced.'* 

Light % then, in the theory of the author, is the 

^ Abrege de Principes et de Faits» &c. p. 93. Letter II. §. 42. 
See likewise the author's 20th Letter to M. de la Metherie, '< Siir 
iin commencement assignable des phenom^nes physiques observes k 
la surface de notre globe^ et sur la cause de I'^tat actuel de nos 
couches." Joum. de Physique, torn. xl. pp. 180 — 197. (1792.) 
" An epoch," he remarks, " is here determined, agreeably to the 
<Hily general rule applicable to such an enquiry ; that of judging of 
past causes by their existing effects, as far as these last can lead us. 

• • . • • The proposition will be establii^ed, if its legitimate 

consequences explain the present state of the globe." 

' Letter II. § 38. § 41. III. § 2. et seq. Joum. de Physique, Tom. 
xxxviL partiL p. 332. xl. pp. 184, 185. 288, 289. xliiL p. 20. 

'< It is certain that, when none of those operations of physical 
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the active principle which has occasioned such a 
change^ and the introduction of which was requi- 

causes, of which we observe the monuments upon our globe, had 
yet commenced, lighty as a chymical ingredient, was wanting to its 
mass. For if light had always existed there, it would have pro- 
duced fire, and fire liquidity ; thence would have resulted all the 
various precipitations, the catastrophes of strata, the birth of our 
continents, and the action of atmospherical causes upon them : and 
these last effects would every where have been terminated, so that 
we should have been almost unable to trace back any of the links 
of their series." Elem. Treat. § 66. (a.) 

^' A fluid state of the globe," says Dr. E. Nares, '' at least su- 
perficially, seems not only to be consistent with the Scriptures, and 
to be demonstrable from the figure of the earth; but to be a point 
in which philosophers, ancient and modem, have been always more 
agreed than in any thing else ; the Huttonians being almost singu- 
lar, if not entirely so, in their denial of it.'* 

The celebrated passage in the First Book of Cicero, De naturft 
Deorum, may here be introduced : — *' Thales, qui primus de tali- 
bus rebus qusesivit, aquam dixit esse initium rerum — Deum auteni 
earn mentem, qiue ex aqud cuncta fingeret^ In the last clause of 
this passage, an immediate reference has been supposed to be made 
by the Milesian philosopher, to the phrase '* Spirit of God which 
moved on the surface of the water," and by whose pervading energy 
the water produced all living things. See likewise the Theogonia of 
Hesiod, and Ovid. Metam. Lib. I. Thales had borrowed that 
dogma from the Egyptians and Phenicians, who, as well as the 
Chaldees, had preserved several remains of the Mosaic cosmogony ; 
and Homer had in like manner maintained that the " ocean" was 
the first material principle of all beings. '* The opinion of Thales," 
says Bishop Stillingfieet, '* seems to have been part of the universal 
tradition which was continued in the world concerning the first 
principles of things ;" and he quotes the authority of Aristotle in 
corroboration of his sentiment. Metaphys. Lib. I. cap. 3. The 
vliti^ of Thales, according to that Prelate, and other learned men, 
was the same with the Egyptian Moir (t. e. the primordial mud or 
slime) ; the v\i\ of Plato and Pythagoras ; and the t\vc of the old 
Orphic cosmogony, mentioned by ApoUonius in the Fourth Book 
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site by its union with a particular element, for the 

of his Argonautics, as cited by Grotius, de verit* Relig. Christian. 
Lib, I. § 16. c£ JXvoi kfiXaanioE X^ciiv ahHi^ " the earth is produced 
from mud." See Origin. Sacr. Lib. III. cap. ii. Stanley's History 
of Philosophy, Part I. cap. vi. and Dr. Prichabd's excellent Analysis 
of the Egyptian Mythology. 

Dr. Nares concurs with De Luc, in considering the first introduc- 
tion oi light into the chaotic mass, as the " first step towards its 
change," and observes that Wallerius, the celebrated Swedish 
mineralogist, had also expressly ascribed to the introduction of light 
'* the first fluidity of the chaos, and the commencement of the attrac- 
tive influences." "De Luc and Wallerius," he further observes, 
" though they make light the first physical cause of fluidity or 
liquidity, very properly refbr its production to the immediate act of 
God." Bampton Lectures, pp. 320, 321. These are the words of 
Wallerius :— •" Per spiritum Dei intelligendum arbitramur ipsum 
Deum, vel immediatam Dei actionem et operationem, seu, ut Euse- 
bius in Praep. Ev. L. VII. Cap. XL loquitur; vim omnium rerum 
enectricem atque fabricatricem, p. 109. Hac vi divina^ existimamus, 
non extrinsecum quendam motum in immensae molis mass4 terrestri, 
quasi k vento, ut nonnulli dicunt, fuisse productum, sed intrinsecum, 
lenem, et pacatum, combinationi et cohaesioni particularum magis 
idoneum, quo terreum principium cum lucis materia fiiit plus minus 
combinatum. A combinatione materiae lucis cum principio terreo, 
materia calorifica primam suam habuit originem ; hsec generata ma- 
teria caloris, cum reliquis particulis terrestribus intime mixta, non 
potuit non totam massam in motum intrinsecum, seu fluiditatis statum 
redigere." Meditationes Physico-Chemicae de origine Mundi, k 
Job. G. Wallerio, Stockholmiae, 1779. 

The following passage, which occurs in a commentary by our 
author on the three first verses of the Book of Genesis, is extracted 
firom the " Precis de la Philosophie de Bacon," Vol. II. p. \%9f 
" The expression, ' and the earth was without form and void,' con- 
tained in that sublime preamble, is profoimdly geological. The 
earth was without * form ;' because it was as yet only a mass of 
elements united by a first creation, but which could not of them- 
selves assume either the spherical form by gravity, or the spheroidal 
by the movement of rotation, or any form in its parts by affinities, 

because liquidity did not yet exist 

E 
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production of fire ^ and by its means^ of liqui- 

'* * And darkness was upon the face of the deep.' Here again we 
have a lively image, as well as a true declaration of what geology 
teaches us respecting what must have been the state of things im- 
mediately antecedent to all the physical operations on our globe, by 
the agents which God had established in the universe. The element 
of water •••••• surrounded indeed, to a great depth, the whole un- 

shapen mass of the earth, [Letter III. § 6. of this collection] mingled 
with other elements, and in particular with that which, together with 
light, produces Jfre; but although everything was thus prepared- 
for subsequent operations, these did not as yet commence, because 
light did not exist in the universe : accordingly, ' darkness* — the 
absence of light — ^prevailed over the aqueous face of the earth, 
previously to that great command of the supreme will : * let there 
be light !' " 

DirT/1» ^^ our version, translated the *♦ deep," and QiQ rendered 
" waters" are supposed by Bp. Horsley, (Biblical Criticism, Vol. i. 
p. 64), and other Oriental scholars, to denote the whole chaotic 
mass, containing the principles and elements of all things. 

'* The fire or caloric which has penetrated the earth, and the other 
planets to the centre, could not have existed without Ught; for the 
latter is one of the essential elements of caloric ; but whence pro- 
ceeded that primitive light? Moses informs us in the Book of 
Genesis ; ' and God said, let there be light, and there was light*' 
This light is anterior to that of the sun ; and, indeed, the sun does 
not appear, as a luminous body, before the fourth day of the crea- 
tion; it was then only that it began to enlighten the earth*. In 
respect to the creation of the sun, it was already announced in the 
first verse of Genesis : — * In the beginning God created the heaven» 
and the earth.* The sun was, therefore, created at the same time 
with the earth ; but it is to be supposed that at first they were both 
of them opaque, neither emitting, nor reflecting any light.** M^moire 
sur la Chaleur int^rieure de la Terre, par M. J. A. de Luc, neveu. 
Bibl. Univ. Tom. xviii. p. 58. 1821. " Hebrsei dicunt solem primo 
die creatum," remarks the learned Scripture annotator, VATABLxrSr 
Thus, according to Maimonides, the *' luminaries*' were created oit 
the first day, but did not exercise their influence until the fourth. 

" * All the experiments and observations relative to fire, have led 
us to conclude, that this fluid, subtle as it is, is not a simple «ub*- 
4» 
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dity ^ ; without which the formation of the mineral 
strata could not have taken place. 

stance ; that it is composed of light, and of anotlier substance be- 
longing to the atmosphere, and to terrestrial bodies ; and that the 
solar rays, in uniting themselves with this latter substance, produce 
heat upon our globe, but only by the formation of fire. This sub- 
stance, therefore, might be intermixed with all the other elements 
which formed the primitive mass of the earth, without producing 
heaty or, consequently, Uquidity ; for it was not fire itsdf, it was 
only one of its ingredients, which, without the addition of light, 
could not constitute fire." Element. Treat, p. 57. See also Letter 
IL § 34. et seq. III. § 31. Journ. de Physique, Tom. ;cxxvii. 
(Part ii.) pp. 54 — 71. [Lettre VIerae k M. de la Metherie, sur 
les rapports qui regnent entre la Lumiere et le Feu.] Tom. xl. p. 180. 
et seq. pp. 288, 452. xlii. p. 237. 

^ '* It is now established as a fact in chymistry, and in natural 
philosophy, that the liquidity of every substance is exclusively pro- 
duced by a certain union of the calorific fluid with its molecules ; an 
union by which this fluid, known to former natural philosophers under 
the name ofjire, and among some of the moderns by that of calorie^ 
loses its faculty of producing heat, while the other substance loses 
the distinctive properties of solids, and assumes those of liquids.'* 
Element. Treat § 62. Letter II. § 34. Journ. de Physique, Tom. 
xL pp. 184, 185. 

Accordingly, when liquidity did not as yet exist on the globe, a 
sufficient quantity of fire was wanting for the liquefaction of water. 
But by the addition of light, the earth was every where penetrated 
with fire, and a liquidity of high temperature was produced in the 
elements of which it was composed. Letter II. §§ 34, ^5, Journ. 
de Physique, Tom. xl. p. 188. 

" The volume of the earth's mass being about 10,000 times greater 
than that of the mass of waters, it is very probable that the fluidity 
which the globe incontestably possessed, before assuming its sphe- 
roidal form, was owing to heat,' Jameson's Ed. New Phil. Journ. 
1827-8, Vol. iv. 
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• 

Origin assigned to the Mineral Strata and to the 

Atmosphere. 

On the origin to be assigned to the mineral strata 
and to the atmosphere^ De Luc has adopted, lA com- 
mon with those eminent geologists, De Saussure and 
Dolomieu, the following theory: — ''Chymical pre- 
cipitations, successively different, took place in a 
liquid originaUy covering the whole globe, in which 
the elements of the mineral strata and of the fluids 
that compose the atmosphere were held in a state of 
reciprocal dissolution, and of which the liquid of the 
present sea is the residuum*." The above system, 

* Letter II. § 18. III. §§ 18, 19. " The study of the primary 
mineral substances," says Mr. J. A. de Luc, *' leads us necessarily 
to the idea that they were formed by crystallization in an aqueous 
liquid which covered the whole terrestrial globe to a great depth at 
all latitudes, beneath the poles as well as under the equator, and 
that this liquid was every where at the same high temperature. An 
immense quantity of caloric was requisite to hold in a state of liquidity 
all the mineral substances, both earthy and metallic with which we 
are acquainted, down to the granite, and to produce the primitive 
liquid of which the waters of the ocean are the residue ; the degree 
of heat which must have prevailed at that time, was much greater 
than any which we ever experience at the earth's surface by the 
mere influence of the solar rays, and that heat must have penetrated 
to the centre of the globe. This temperature, which was uniform at 
all latitudes, must have existed a long time after the formation of the 
primitive rocks ; it still prevailed to a certain degree subsequently to 
the appearance of terrestrial organized bodies, as is rendered evident 
by the impressions of plants, and the bones of the large quadrupeds 
found at very high latitudes, {72 and 75 degrees) and whose genera 
exist at present only between the tropics." M^moire sur la chaleur 
interieure de la Terre, par J. A. de Luc, neveu. Bibl. Univ. Vgl. 
xviii. p. 58. 1821. 



SECT. iv.J AND ILLUSTRATIONS. 5S 

he says, is in perfect accordance with the general 
laws of chymistry ^ ; and with the addition of another 
cause, namely, the introduction of new substances 
into the liquid, occasioning these precipitations, it 
affords a complete explanation of all the phenomena 
of our mineral strata and of the atmosphere. Such 

The central heat of the earth was likewise demonstrated by our 
author : — " The rocks," he observes, " and the bottom of the high 
valleys of the Alps; although covered with ice, always, participate 
more or less in the interior temperature of our globe, and for that 
reason the ice melts at all seasons underneath, however intense may 

be the cold at the exterior. In the depth of winter the rivers 

continue to issue from the interior parts of the ice." Lettjes sur 

THistoire de la Terre, &c., Tom. i. p. 140. 1778. De Saussure, 

desirous to verify this observation by personal inspection, (Voyages 

dans les Alpes, §§ 533, 534) visited the glaciers of Chamouni in 

winter, and perceived that, according to De Luc's statement, currents 

of water flowed from all the glaciers of the valley, less copiously 

indeed than in summer, but always in considerable streams. See 

further, Letter III. §§ 31 — 34. Journ. de Physique, Tom. xl, 

pp. 452, 453. xlii. p. 237. See also our author's Recherches sur ' 

les modifications de T Atmosphere, Tom. ii. pp. 327 y 328. 1772; a 

work remarkable at once for a scrupulous analysis of the phenomena 

of which it treats, and for the circumspection with which the inves* 

t^tion of their respective causes is carried on. " In that work," 

remarks Prof. Playfair, " De Luc has succeeded where many men 

of genius have failed, and has made considerable improvements in a 

branch of the mathematics, without borrowing almost any assistance 

from the principles of that science." Illustrations of the Huttonian 

Theory. 

* Letter III. §§ 14—19. IV. § 7. " If the detaUs of specific affinities, 
as yet furnished by chymistry, can afford us no asidstance, while we 
attempt to particularize the first operations which took place on our 
globe, this is by no means the case with the general laws which have 
been determined in that science ; for they lead us to generic opera- 
tions, whence much light is thrown upon these beginnings." Ele- 
ment. Treatise, &c. § 60. See also Journ. de Physique, xl. p. 28.6L 
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is the only road by which we can ascend to the suc- 
cession of physical events that were brought to pass 
on the globe by causes now no longer existing ^ The 
first discernible effects, then, of these causes, were 
precipitations continued for a long time, of substances 
differing successively in their genera and species, and 
spread out in strata, — the greater part of them solid, 
and the rest soft, — over large tracts of the bottom of 
the liquid, and in a situation nearly horizontal *. 

These strata, in the intervals of their formation, 
and until the end of these operations, were subjected 
to a series of catastrophes, in the course of which 
they were divided by fractures and dislocations into 
masses which became ridges of mountains, having un- 
dergone such angular movements that valleys were 

' Travels in France, &c., Vol. ii. p. 381. Joum. de Physique^ 
torn. xl. pp. 180—197. 

' That the most ancient strata of our globe, now found strongly 
inclined, and sometimes even vertical, were yet formed in a horizontal 
position, was first ascertained by De Saussure, from his observations 
on the breccias or pudding-stones of the Valorsine. See the second 
volume of " Voyages dans les Alpes," §§ 689, 690. Strata, which 
originally were so soft as to enclose fragments of other stones, could 
have been formed of an equal thickness only in a horizontal position; 
their substance would have slidden to the bottom in one mass. 
Element. Treatise, § 142. 1809. The interposition of pudding- 
stone, says our author, between the classes of homogeneous strata 
begins even among the primordial : for M. de Saussure has shown 
instances of it, as well between granites and schists, as between 
these two first classes and the calcareous strata, and between the 
latter and the strata of sand-stone ; besides many repetitions between 
dijBTerent species of the same genera. Geol. Travels, Vol. i. § 76* 
1810. Element. Treatise, § 320. The original horizontality and 
continuity of the strata of later formation, are evidently shown by 
the marine and other organic bodies contained in them. 
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necessarily produced in their intervals \ Our moun- 
tains then, in the opinion of the author, exist under 

^ This, however, is not the only cause which has operated in the 
formation of valleys. There has been another cause, (as manifested 
by the phenomena,) which has been akeady adverted to, and upon 
which much light has of late been thrown by Von Bucb, Mr. J. A. 
de Luc,jun., and other geologists. See note to Letter I. § 21, 
By some violent agency, the mountains have been, in many instances, 
cut asunder, whereby a passage has been opened for the waters, 
without the least angular motion of the strata. The transversal 
valleys in the great chains of mountains, observes Mr. J. A. de Luc, 
are not to be explained by the subsidence or elevation of the strata. 
** In respect to the valleys of denudation," (he further remarks) 
*' as they are termed by the EngUsh geologists, they have been 
excavated beneath the ancient sea which possessed a dissolving, or 
corroding power, and they must have required a long abode of its 
waters for their production. This was also the opinion of De Luc, 
when he ascribed so many phenomena to the operations of the ocean." 

The following general views respecting the formation of valleys 
have been recently communicated by Mr. J. A. de Luc, to the 
editor : — 

*' When we take the word valley in its most general acceptation, 
as comprising not only the valleys which traverse the great chains 
of mountains, but also those which cross the hills and plains, we 
may distinguish eight modes of formation. 

1. By subsidence, in such a manner as to occasion strata which 
have been formed horizontally to break and sink down on one side, 
and on the other to rise up and present their summits upwards. If 
two subsidences take place in opposite directions which meet to- 
wards the lowest extremity, the result is a basin or a valley. 

^. By elevation, whereby the strata have been turned up, and 
great masses have been forced to assume a vertical position. In 
that case we can readily imagine that valleys must be formed on the 
two sides of those strata thus raised up. 

3. By lateral pressures which have bent the strata, and have 
caused them to present their convexity either upwards or down- 
wards. — ^These modes of formation are connected with the origin of 
chains of mountains, as yet unexplained. 
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their present form, only because portions of the strata, 
once a continuation of those which compose these 

4. By violent fractures which have occasioned transversal breaches 
of more or less breadth, in ranges of continuous mountains, unat- 
tended by subsidence or elevation. Here we may place the valleys 
o£ disruption^ spoken of by Professor Sedgwick, in the direction of 
the crevices and fissures produced by great elevating forces. 

5. By the erosive and dissolving power of a liquid which has 
excavated the surface of a great extent of strata, and has thus, hoi- 
lowed out valleys, sometimes simple, sometimes ramified, called 
valleys of denudation. The same force has produced the diluvian 
gravel. 

6. But what is the cause which has excavated the great chains of 
mountains, so as to form vast irregular basins, each comprising a 
great number of valleys of three different orders, which all open 
into each other, terminating in a general outlet which is that of the 
principal vaUey. Thus the basin of the valley of Aoste, which ter- 
minates at Ivr6e, comprises twenty-five valleys of the second and 
third order ; the valley of the Durance, which terminates higher 
than Avignon, comprises thirty-three. How have those systems of 
valleys been formed, which divide the whole chain of the Alps into 
irregular basins ? This is the great problem which remains to be 
solved. 

7. Another cause, which is only secondary, is that which has 
widened subsequently or simultaneously the gorges formed by 
transversal disruptions of the ranges of continuous mountains. We 
may conceive that at the moment of those disruptions which were 
produced in the bosom of the ocean, the violent motions in its 
waters thence resulting, occasioned them to bear away with them 
the debris, and to convey it to a distance. Afler the retreat of the 
sea, or of great bodies of water in general, the rain waters, the 
falling in, and crumbling down of large masses of all dimensions, 
the streams which form in those valleys, have all contributed to • 
widen them, and have at one time excavated them more deeply, and 
at another time filled them up. [See Letter I. § 21, note.] 

8. A great number of channels, more or less deep, have been ex- 
cavated by rivers in the soil formed by transported matter, such as 

we observe them in the basin of Geneva, in which the Arve and the 

9 
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eminences^ have sunk around them. From such sub^ 
sidences have resulted valleys and plams^ and the 
cavities of lakes ^ ; and the eminences already formed 
by anterior catastrophes^ were left on our continents 
as mountains^ by the removal of the ocean to its 
new bed. 



Changes in the Nature of our Mineral Strata. Catas- 
trophes which they have undergone. Causes of those 
two great Geological Phenomena indicated. 

The successive changes in the nature of our mineral 
beds, and the disturbances which they have suffered, 
form two of the most important phenomena of geo- 
logy. If the formation of the different kinds of strata 
is of necessity to be ascribed to precipitations succes- 
sively differing in their nature, the changes in the pre- 

Rhone have hollowed out channels in the diluvian accumulations of 
pebbles, gravels, sands, clays, &:c. to the depth of 100, ^00, and 300 
feet ; but those channels are not, strictly speaking, valleys." 

* " That many of our mountains," says Mr. J. A. de Luc, " have 
been formed by the overthrow and subsidence of the strata, we 
cannot entertain a doubt. Of this fisict we have several instances in 
the calcareous mountains which constitute the exterior range of the 
Alps near Geneva, and on the southern side of our lake. Our basin 
itself can have been formed only by a depression which has separated 
tlie chain of the Alps from that of Jura. The theory, however, of 
subsidence is applicable to some parts only of the Alps, and of the 
other great chains, particularly to the calcareous ranges." " Be- 
cause some mountains," the same geologist remarks, " have been 
raised by subterraneous action, it has been inferred that the whole 
of our continents has also been raised. No conclusion can be more 
erroneous." Letter to the Editor. 



58 INTRODUCTORY REMARKS [sect. iy. 

cipitations must as necessarily have been produced 
by corresponding changes in the liquid ^ But^ it 
would be only by the introduction of new ingredients 
that the changes in the hquid could be effected ; and 
the mode in which these new ingredients were intro- 
duced^ was by ascending through the crevices of the 
fractured strata from the interior parts of the globe ^ 
These first and legitimate conclusions, deduced fi-om 
existing monuments, serve, says the author, to explain 
a variety of phenomena that would otherwise be in- 
volved in obscurity. 

The general cause of those catastrophes which de- 
termined the present form of the earth's surface, is 
particularly considered in the following Letters, and 
may be thus summarily stated : — The globe was ori- 
ginally composed of disunited particles, or pulvicules ^ 

* Letter III. §§ 18, 19, 22. IV. §§ 17, 18. Joum. de Physique, 
Tom. xxxvii. (part ii.) p. 213. et seq. and p. 332. xl. p. 285. et seq. 

2 Letter IV. §§ 16, 17. The following application of this theory 
to an interesting geological phenomenon occurs in the first volume 
of the Geol. Travels, § 135. — Adverting to the fragments of flint 
disseminated in the sand, near Berlin, as also in Westphalia, and the 
country of Bremen, " these flints," the author observes, " are of the 
land belonging to chalk, though there is not the smallest appearance 
of chalk in the whole neighbourhood. In my Lettres sur THistoire 
de la Terre, &c., I have, as I believe, assigned it to its true cause : 
namely, that, after the primordial liquid had produced the strata of 
chalk, in which these flints were formed, new precipitations, occa- 
sioned by new ingredients proceeding from the interior parts of the 
globe, altered so much the state of that liquid, in certain places, that 
substances, before separated ftom it by precipitation, were again 
dissolved by it ; a circumstance of which I have given other examples. 
Now when the chalk was dissolved, the flints, not being soluble, 
alone remained." 

' This word was first adopted by the author, who had found none 
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on which, after liquidity had been produced, were 
deposited in the first place, strata of granite, and 
others analogous to granite ^ These strata, resting 
on so slight a foundation, underwent repeated frac- 
tures ; and the introduction of the liquid through 
these apertures into the. interior parts of the earth, 
occasioned the subsidence' of the elementary particles, 
and produced cavities, which by degrees increased in 
extent, and became deeper, till at last they caused 
the catastrophes of the different classes of strata % 

that exactly expressed his idea. Letter III. §§3, 24. In the Journal 
de Physique, 20th Letter to M. de la Metherie, Tom. xl. p. 185. 
et seq. (1792) this part of the theory is fully developed. See like- 
wise Abreg6 de Geolog^e, § 17. et seq. 

^ '* The first of the strata we are acquainted with, namely, those 
of granite, and others of the same kind, were deposited on a great 
accumulation of mud intermingled with a liquid. This liquid gra- 
dually filtrated into the mass of pulvicules, and there produced sub- 
sidences, as we see to be the case with heaps of sand or other 
powders when we pour water on them." Letter III. § 24. For 
an account of granite, stratified and unstratified, see Letter IV. 
§ 6. (note.) 

' Letter III. § 38. Joum. de Physique, xl. pp. 188, 189. 
450—467. 

^ Long before M . de Saussure had shown that the catastrophes 
which had been discerned only in the secondary formations, had 
extended to the primordial also, De Luc, from a careful examination 
of the mountains composed of the former, together with their 
•valleys, had been convinced that the only manner in which the 
catastrophes of the secondary strata could have been effected, was 
by the subsidence of the parts at present the lowest. See Travels 
in France, &c. Vol. i. § 21. Now such subsidence, he observes, 
oould not have taken place any otherwise than by means of caverns 
.previously existing beneath the strata. The subsidences of the 
strata, he elsewhere remarks in the same work, during which moun- 
tains and hills were formed by the masses remaining at a higher 



60 INTRODUCTORY REMARKS [sbct. it. 

formed in succession by chymical precipitations from 
the liquid which once covered the whole surface of 
the globe. These precipitations were occasioned by 
expansible fluids ' formed by the combination of the 

level, were attended with other subsidences within these masses 
themselves, intersected throughout with fractures ; between which, 
in some places where the upper parts found support on the sides, 
those between them sank down to a greater depth, leaving in the 
intervals the spaces which are called caverns. See also Travels in 
England, Vol. iii. § 1035, where he refers to his description of the 
caverns of the Mendip hills for proofs that it is by subsidence only 
that such cavities could have been produced in the masses of the 
strata ; and to the caverns at Buckfastleigh for an " example of 
deep fractures, which, when they have not passed across all the 
strata, have occasioned the unequal subsidences of the difierent 
parts of the masses thus separated." See likewise Travels in 
France, &Ci Vol. ii. § 655. et seq., where the author speaks of the 
caverns in Bayreuth. ** It may easily be judged," he says, ** that 
these caverns have originated in the cause to which I have ascribed 
all cavities of this kind ; namely, a more considerable subsidence o£ 
the inferior strata than of the superior ; for, in the interval thus 
produced between them, some large masses detached from the 
latter are foimd in a nearly vertical position." § 660. JElevations 
of the strata, of which the cause must have acted from below, could 
not have left any intervals between them, the pressure of the inferior 
beds beneath the upper ones having alone the power of raising the 
whole mass. 

^ Letter III. §§ 16, 19, 24, 48. IV. 16, 17. V. 6. Joum. de 
Physique, tom. xxxvii., part ii. p. 34. xxxviii. pp. 274, 275. xl. p. 
189, et seq. ** Expansible fluids constitute the class of substances 
which it is the most important to study in all its modifications ; for 
those fluids, in our own experiments, are the vehicles of ingredients, 
impalpable in themselves, but which, when separated from, or in- 
troduced in liquids occasion in them new combinations. From this 
class of phenomena, therefore, I have deduced, by general analogy, 
the chief cause of the successive different combinations which pro- 
duced the primordial liquid." 
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liquid with the particles into which it had penetrated. 
In proportion as the liquid was divested by precipita- 
tion of its primitive ingredients, changes were eflfected 
in the liquid itself, and the successive infiltrations 
were of different natures^ New species of expansible 
fluids were accordingly produced, and precipitations 
of various kinds were the necessary result. The con- 
cretion of large masses, variously ramified, was ano- 
ther effect gradually caused by the infiltration of the 
liquid into the interior pulvicules. Those consolidated 
masses formed the partitions of the caverns, and served 
as supports of the crust of the strata, till the supports 
themselves gave way, in consequence of the subsi- 
dence of the pulvicules beneath them ; and the crust 
broke and sank down, to a greater or less extent, in 
the intervals of the supports ^ It was not until after 
the sinking of those partition walls, that stability was 
produced ^ 



See likewise the 29th, 30 ^h, and 3 1st Lettres k M. de la M^therie, 
torn. xlii. and xliii. of the Joum. de Physique. In these last Letters 
will be found a masterly analysis of the physico-mechanical theory 
of the celebrated Le Sage, the friend and fellow-countryman of our 
author. In common with La Place, Baillt, Lichtekberg, 
Herschell, and other eminent men, whom he names, and with all 
of whom he had occasionally conversed on* Le Sage's system, he 
arrived at the following conclusion, — that if there exists a mecha- 
mal cause of gravity ^ it is probably the cause determined by that 
distinguished philosopher, since it cannot be contradicted by any 
known phenomena, and is adequate to explain them all. 

* Letter III. §§ 24, 38. Joum. de Physique, tom. xxxvii. (part ii.) 
p. 342. xl. pp. 186, 187, 188. Abr^ge de Geologie, p. 17. 

* In Letter III. §§ 41, 42. and in Geol. Travels, iii. p. ^75. et 
seq. the whole of these operations will be found very ingeniously 
and accurately illustrated by similar natural processes on a smaller 
scale. 
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Such^ according to our author^ was the cause of 
the various disturbances which the mineral strata 
underwent ; and which supphes us with a general 
explanation of the two following great revolutions : — 
^' The first of these was the division of the surface of 
the globe, while it was yet covered with the primor- 
dial liquid, into sea and land, in consequence of the 
depression of a portion of that surface, on which the 
whole of the liquid was collected — thus giving exist- 
ence to first continents ' ; the second was the smking 
of those ancient continents, which were consequently 
again covered by the ocean. Its waters had found 
their way into the caverns which the first tracts of 
land covered, and had penetrated into the porous and 
disunited substances which had not as yet subsided. 
Those caverns were thus gradually deepened, the 
foundations of the supports of that portion of the 
crust were undermined, and the first continents sunk 
below the level of the first sea. By this last revolu- 
tion, our present tracts of land were produced *." In 

^ Letter III. §§26, 27. Those continents, in the opinion of the 
author, were inhabited by the antediluvians. It would seem, how- 
ever, that in our regions of the globe, there existed likewise at some 
remote period, a vast continent, a great portion of which afterwards 
became the bed of the sea. The proofs of the existence of such a 
continent are grounded on the universaliCy of the phenomenon of 
the fossil remains of vegetables and terrestrial animals. See the 
sequel of this section. 

* Letter IV. § 41. Correspondance entre M. le Docteur Teller 
et De Luc. Hanovre, 1803. p. 134. Lettre 26eme. a M. de la 
Metherie, torn. xli. (part ii.) pp. 227, 228. 1792. Prof. Hollmann, 
of Gottingen, in a dissertation presented to the Royal Society of 
that university, maintained in like manner that our continents were 
once the bed of the sea, and that they were left dry by the sinking 
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the course of that great revolution, the sea covered 
all the globe, except the islands of its ancient bottom, 

of ancient tracts of land. He communicated his dissertation to De 
Luc in the year 1776, who in his Lettres sur THistoire de la Terre, 
&:c. Vol. V. part ii. p. 487, noticing this coincidence of opinion, 
remarks that the Professor and himself arrived at this conclusion - 

* 

by very different roads, and that it must be indicated by many 
phenomena, since the former deduces it from those which he had 
the opportunity of observing in his own country. The dissertation 
is translated into French, and inserted in the Journal de Physique 
de I'Abbe Rozier, and M. de la Metherie. In the third vol. of 
the Geol. Travels. § 1179, a striking instance is adduced corrobora- 
tive of the opinion " that the bed of the sea is the effect of a vast 
subsidence, in which the strata were broken off on the edge of what, 
by the retreat of the sea towards the sunken part, became a conti- 
nent." See also Geol. Travels, Vol. iii. p. 541, (" Varieties, frac-. 
tures, and inclinations of the strata, with evident signs that the 
present bed of the sea has been produced by their subsidence, 
, described,") for several references to similar instances. It may 
be asked, in what part of the globe was the desUx)yed continent 
situated? It has been supposed that there formerly existed be- 
tween Africa, a portion of Europe, and America, a large continent 
of which the Madeiras, the Canaries, the Azores, and the islands 
of Cape Verd may be considered as the wrecks. The sunken 
continent has been identified with the Atlantis of Plato, and 
Baudslot (Histoire de T Academic des Inscriptions, 1721) has 
00 doubt that the overwhelmed island, which is described as 
situated opposite the strait called the columns of Hercules, and 
as larger than Lybia and Asia, existed in the Atlantic ocean. Kir- 
CHER in his Mundus Subterraneus, and Beckmak in his History of 
Iceland, assign the same place to the subsided land; and Bufibn 
inclines to a similar opinion. It has been thought that the shallow- 
ness of the Atlantic sea, as far as the Canaries, constituted a proof. 
of the submersion of the Atlantis by the ocean. The Madeiras, 
Iwwever, the Canaries, and the Azores, cannot be the fragments of 
a great continent. They are volcanic islands, the products of erup- 
tions, and which have been elevated from the bottom of the sea. 
" Forms and Relations of Volcanos, from the Observations of Leo- 
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• 

which increased in number and magnitude^ but con- 
tinued still separate^ until the weight of the water, 
added to that of the superior vaults, crushed the 
inferior ones, and deepened more and more the new 
bed of the ocean ; so that, at last, all the waters 
withdrew from their former bottom, and left our con- 
tinents dry \ 



Proofs of a Series of Geological Events, originating in 
Changes at sticcessive epochs in the Liquid of the Sea, 
and in the Atmosphere. 

The first proof supplied by the phenomena of such 
a succession of events, consists in the changes which 
the various circumstances observed in our strata de- 
monstrate to have taken place at several epochs, both 
in the liquid of the sea, and in the atmosphere. 
Within a certain period was formed a class of strata, 

pold Von Buch, by Mr. Elie Beaumont." Edinb. Journal. Sept. 
1830. 

Mr. J. A. de Luc has conjectured, on the other hand, that the 
antediluvian continent was situated where is now the great Indian 
ocean, and to the eastward of Africa, as that sea is near Armenia 
and Mesopotamia, the countries in which dwelt the descendants of 
Noah. He considers the dialogue of Plato to refer to the Mosaic 
narrative of the deluge. In the Atlantis, there existed kings who, 
stimulated by the thirst of conquest, conunitted devastations upon 
neighbouring states. Jupiter, whose all-pervading eye nothing 
escapes, beholding the violence and depravation of those people, 
resolved on their destruction. 

^ Letter II. § 29. Lettres sur I'Histoire de la Terre, &c. Vol. 
V. part ^d. p. 4:86. et seq. See also the Author's ^6th Letter to 
M. de la M6therie, in the Joum. de Physique, tom. xli. (part ii.) 
pp. 227 9 2«8. 1792. 
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<listinguished by the title of primary or primordial, in 
which no traces of the existence of organized beings 
on our globe are discoverable. In another class of 
strata, called secondary, which were subsequently 
produced, and which differed widely in their nature 
from the preceding, vast quantities of organic bodies 
are found \ The greater part of these bodies consist 
of marine animals ; and in strata above those con- 
taining the marine bodies, we meet with vegetables 
and terrestrial animals. It is to be remarked, that in 
the succession of these strata are found successive 
changes in the species of the organized bodies, follow- 
ing those which have taken place in the water and 
the atmosphere^. 



^ Although the author, for the sake of perspicuity, generally 
divides the mineral strata into these two great and characteristic 
classes, yet it will appear, firom a passage in Letter II. pp. 62, 63, 
that he already entertained notions, in agreement with those which 
prevail at this day, respecting the series of formations. 

' Letter IV. § 18. "Geological monuments," says the author 

*'are much more within our reach, than those from which the 

history of ancient nations is deduced. These monuments relate to 

two collateral histories,— those of our strata and of organized beings. 

We find in each of these histories, epochs of commencement which 

are clearly ascertained ; that of the strata, is the commencement of 

their formation, — ^and those of organized beings, which succeed each 

other in classes, are the commencements of the appearance of these 

classes in the succession of strata. We also observe in each history 

progressive changes: in respect to the strata, we perceive the 

successive production of strata of different species ; and with regard 

to organized beings, successive changes in their appearance." — 

** Remarques sur Torigine des Etres Organises," a dissertation 

annexed to the Paris edition of this collection. So early as in his 

Lettres sur THistoire de la Terre, &c. (1779), De Luc pointed out 

the difference between the genera of petrified and fossil shells, 

F 
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The immediate relation which thefie facts bear to 
the whole progress of ch3miical operations above 
adverted to, is fully explained by the author in the 
present, and in other works. It was during the pre- 
cipitations, that numerous expansible fluids, of various 
kinds, were disengaged from the liquid, and combined 
to form the atmosphere, *' that confused assemblage 
of fluids,* as De Luc terms it, '' which astonishes 
none but naturalists ^* Further ; — ^if no vestiges df 
organized beings, vegetables, or animals, whether 
marine or terrestrial, are found in our primary strata, 
it is because neither the liquid nor the atmosphere 
was in a state proper for their eidstenoe ; but aflte^ 
wards, when they did exist, they underwent successive 
changes, in proportion as the liquid and the atmos- 
phere themselves varied. Now that successive revo- 

and the living kinds ; he showed that there are genera having 
numerous species in their fossil, and few in their living state; 
and the reverse. Vol. ii. p. 246. In Vol. v. pp. 456 — 459 ; 466, 
and 507, he points out two differences, first, of marine fossil bodies, 
whose living analogues have not yet been found in any sea ; secondly, 
of others whose analogues are to be met with only in seas extremely 
remote. It may here be remarked that with De Luc originated the 
idea that the different species of marine animals changed with the 
strata. See Letter III. § $ 50, 51. 

* Letter IV. $ 1 7. — " General chymistry teaches that chymical 
precipitations, always produced by the addition or subtraction of 
some substance, or by both operations simultaneously, may be occa- 
sioned by expansible fluids, whether ponderable, or imponderable. 
Accordingly the chymical operations which have produced the 
mineral strata must have disseminated all around the globe a great 
accumulation of different species of expansible fluids, and have thus 
given birth to the atmosphere." Correspondance entre le Docteur 
Teller et De Luc, p. 357. In that work the author describes the 
atmosphere as being probably the greatest chymical laboratory of 
nature upon the globe. 
5* 
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lutions at the bottom of the sea were the cause of 
those two classes of changes, the following is the 
dh'ect proof: — Since the cessation of the catastrophes, 
no precipitations have taken place in the ocean ; nor 
have any perceptible changes in organized beings 
occurred. All precipitations, and all such changes^ 
were terminated by the revolution which changed the 
bed of the sea, and thus brought the sur£su;e of the 
globe into its present state of stability *. Of this great 
revolution, there is the clearest evidence. Since there 
was a period during which the sea was at a much 
higher level than it is at present, more elevated lands 
must have then existed, which served as barriers to 
its waters ^. Such continents must therefore of ne- 
cessity have sunk, before the ocean could have retired 
from the surface of our present tracts of land. And 
that the emersion of our continents was the eflfect of 
a mgle revolution, would appear from the important 
fact, that since then the level of the sea has not 
changed. This is rendered manifest from the cir- 
cumstance that all new lands, which every where may 
he easily distinguished from the original coast, are 
perfectly horizontal^ excepting where they have suf- 
fered partial depressions behind dikes ; and their level 
has been determined by the largest waves at the 
highest tides ^ 

* Travels in France, vol. ii. p. 390. ' Letter V. § 4. 

' An interesting passage on this part of the subject, occurs 
in die Travels in tbe North of Europe, § 114. Having shown 
in a preceding section that the new lands along open coasts and 
in gulphs, are composed " not only of the sediments of rivers, 
but of the materials detached from some parts of the coasts, and of 
the sand of the sea,*' De Luc thus proceeds ; — " Now, as these accu- 

F 2 
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It is impossible not to be struck by the sagacity 
and the powers of observation which have enabled 

mulations of materials have, and can only have heen produced, in 
all their parts, at the greatest height of the tides and of the waves, 
they must, when considered altogether, afford us a history of the 
level of the ocean^ during the whole period in which it has occupied 
its present bed. This standard of the level of the sea is one of our 
most important geological monuments ; for by it alone, several £ibu- 
lous histories of the earth have been overturned. For example : 
in Buffbn's theory, the sea was represented as passing slowly from 
east to west, and constantly attacking and demolishing the eastern 
coasts, while it retreated from the western ; which supposed a slow 
transportation of the continents around the globe. Among other 
arguments, which, in my first geological work, I opposed to this 
idea, were the following : first, that new lands have been formed on 
the coasts in every position, and particularly no less on eastern than 
on western coasts, wherever rivers discharge themselves, and the 
sea near the land has no great depth : and secondly, that, on every 
coast, these additions are as horizontal in their whole extent, as the 
sea, of which they occupy the place. Buffon lived for some time 
afler I had published that work ; and neither himself, nor any other 
for him, ever undertook to support his system against it. De 
Maillet and Le Cat supposed our continents to owe their exist- 
ence to the successive sinking of the level of the sea ; the former 
imagining that the water evaporated, and was lost in space ; and the 
latter, that the sea was continually deepening its bed, by throwing 
out on its shores those materials, with which our continents were 
formed. After having refuted the fundamental h3rpotheses of these 
theories, I stated, as a common objection to both, that all the lands 
formed by the sea upon its shores are every where perfectly distinct 
in their composition from those to which they are joined ; that they 
are absolutely horizontal, from the point of that junction, to their 
actual extremity ; and that they are continuing to increase : which 
circumstances irrefragably prove, 1st. that the existence of our con- 
tinents is due to some cause entirely different from those which are 
still in action, and particularly from every operation of the present 
sea. J^dly. That the original coasts of our continents were com- 
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De Luc thus to connect the successive changes in the 
precipitations that took place in the ancient sea, and 
the corresponding changes in the nature of the atmos- 
phere, first, with the changes in the organized beings, 
(changes easily ascertained by comparing the fossil 
with the hving species) and afterwards with their 
common and immediate cause, viz. successive sub- 
sidences of different parts of the bed of the ocean \ 

9 

posed of materials similar to those of the highest neighbouring 
grounds ; to which, in many places, the sea has added new lands, 
shown by their characters to result from its operations on its shores ; 
no such characters being found in any other part of the continents. 
3dly. That since the sea began these operations, its level has never 
changed. And 4thly. That from the known progress of these lands, 
the sea cannot have occupied its present bed during a very great 
number of centuries. These are points which I do not know that 
any formal attempt has ever been made to overthrow." — " How can 
Mr, Lyell link the name of BufTon with that of De Luc, when the 
latter decidedly opposed the theory of the former ?" Letter from 
Mr. J. A. de Luc to the Editor. 

^ " Meteorology throws light on geology, by manifesting the 
existence of a multitude of subtile fluids in the atmosphere, as well as 
their perpetual changes by chymical operations which take place in 
the soil ; and geology in its turn throws light on meteorology, by 
pointing out, in the cessation of certain causes which have formerly 
acted on our globe, but the action of which has ceased, the reason of 
the present settled state of the atmosphere within a certain circle of 
changes." Correspondance entre le Dr. Teller et De Luc, p. 358. 

Three general propositions have been established by the author 
in meteorology, the consequences of which he considers as very im- 
portant in respect to the study of atmospherical and geological 
phenomena.. 1. The ponderable mass of the atmosphere, for by 
fer the greater part, is water. 2. Atmospheric air is water, com- 
hmed with fire or caloric, and some other substances as impondera-* 
hie as fire itself. 3. The greater number of meteors, and in parti- 
cular rain, as well as the relation of the atmosphere with the soil 
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The cessation of the precipitations, is also necessarQy 
connected by a common cause with the permanence 
of the sea at a fixed level, since its residence in a new 
bed : — there have been no cavities opened as before, 
into which its waters have penetrated; and out of 
which the expansible fluids rushing forth, could oo 
casion fresh precipitations, or chymically affect the 
atmosphere. At the period of the revolution in con- 
sequence of which the sea changed its bed, a final and 
sensible change in the nature as well of the liquid of 
the sea, as of the atmosphere was effected; as is 
evidenced more particularly by differences observed 
between the fossil shells found in the loose superficial 
strata near the coasts, and the shells now containing 
living animals m the neighbouring sea^ 

The pre-existing fertile and populous continents 
were, according to De Luc, the source which supplied 

and its productions, are the effects of actions exercised upon 
vapours, upon air, and upon each other, by different expansible 
fluids, having great chymical affinities, although as imponderable as 
fire, and the electric fluid. — Correspondance, &c. p. 353. 

^ Such likewise are the reasons of the great differences which 
Cuvier has discovered, in comparing the fossil bones found in the 
strata with those of the quadrupeds that now exist ; differences of * 
which an account may also be seen in Mr. Parkinson's valuable 
work, entitled Organic Remains of a Former World. In that 
work, Mr. Parkinson describes great numbers of marine bodies, 
which have been found in different strata, and many terrestrial 
vegetables, which are contained in those covering beds of coal, and 
have no analogues among the existing species ; while, at the same 
time, the strata beneath the coal beds contain the remains of marine 
animals. The latter, as well as the terrestrial animals, continued 
to suffer changes till the epoch of that revolution on the globe which 
gave birth to our continents. See Travels in France, &c. Vol. ii. 
pp. 198, 199. 
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with plmtB and animals the islands ^ of the ancient sea. 
The§e islands were formed by the disruption of long 



^ Letter III. § 28. Journ. de Physique, xli, (part ii.) p. 221. et 
seq. 1792. That the surface of the ancient sea was divided by 
islands and projecting ridges of the strata is admitted by Cuyier. 
Essay, &c. p. 11« Notwithstanding, however, that the existence of 
islands in the ancient sea has been demonstrated by the author, 
(Letter V.) still these alone would scarcely account for the univer- 
sality of the phenomenon of the remains pf fossil vegetables and ter- 
restrial animals. It would appear from the recent and constantly 
continued discoveries of such remains, that the soil now inhabited by 
man, which constituted to a great extent the bed of the sea imme- 
diately before its last retreat, formed, at some remote period, a vast 
continent occupied by plants and large quadrupeds. These fossil 
remains are dispersed over the whole surface of Europe, and are 
equally found in the north and the south of Asia. It is indeed pos- 
sible, according to Mr. J. A. de Luc, the younger, from the circum« 
stfmce of the bones of elephants having also been found in various 
parts of North America, and even within the polar circle in the 
Straits of Behring, that this great continent was formerly united on 
the one side to Europe, and on the other to Asia, at the place where 
it is now separated from the latter continent by those straits. In 
oonsequence of the last revolution which the earth's surface has 
undergone, that ancient continent, once inhabited by terrestrial 
vunals, and afterwards overflowed by the waters, having been 
kft dry, forms the greatest portion of our present lands. 

Thus a preceding revolution, according to Cuvier, must have 
boned the osseous remains, and destroyed the last generation of the 
quadrupeds living at that epoch : and we are led to conclude that 
tbe bones found in the loose soils have belonged to many genera- 
tions; the greater number of which had perished a long time before, 
lod had left only their skeletons, or merely some of their bones the 
least destructible, such as the jaw-bone^ and the teeth, when the 
lands upon which these remains rested, passed under the waters of 
the ocean. Mr. J. A. de Luc conjectures, however, that the last 
elephants of Siberia, such as the individual brought to Petersburgh 
by Adams from the banks of the Lena, and which retamed its flesh, 
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peninsulas^ the result of anterior revolutions ; during 
which^ in consequence of large portions of the liquid 

hair, and skin, occupied portions of land which had not been sub- 
merged, and perished in consequence of the sudden refrigeration of 
the atmosphere, their bodies being shortly after enveloped in the ice. 
Previously to that period, Siberia must have been a warm climate ; 
and covered during the whole year with a vegetation sufficiently 
abundant to support a multitude of large quadrupeds. The sea 
must have been of an equally warm temperature, since it supported 
nautili in the 51st degree of north latitude, as in Flanders, and in 
England, that mollusca now living only in the Indian sea. Bibl. 
Univ. Vol. xix. p. 132. 

Many facts relative to the situation of the fossil bones of elephants 
had been collected by De Luc in his Lettres sur THistoire de la 
Terre, &c. from which he had deduced the most just conclusions. 
Adverting to the bones of those animals found on the borders of the 
Meuse, the Rhine, the Lippe, and the Weser, he observes that those 
rivers attack their banks in certain places, sweep along with them 
the sand, and, at their retreat, leave on the shore the solid and heavy 
bodies which the sand enclosed. The bones are imbedded in a sand 
which had not been drifted by the Rhine, and that remained in the 
same state in which it had been deposited by the ocean. It is evi- 
dent that the sea was formerly on the very spot where those remains 
are discovered, and at the time of their deposition ; consequently 
the animals to which they belonged did not live in the places where 
they are found. De Luc means not to assert that the fossil bones 
came from the countries which lie between the tropics, but from isles 
or ancient lands, situated near the sea which had buried them in its 
deposits. During the revolutions to which such lands were sub- 
jected, the remains of those animals passed beneath the waters of 
the ocean, and were imbedded in the last strata which it deposited. 
In the deposits of bones at Caastadt, near Stuttgardt, we perceive, 
from the manner in which they were accumulated, that they had 
been transported from some other place by the waters of the 
ocean ; the bones were lying without any order, much fractured, 
and sometimes rolled. In the same neighbourhood was discovered 
a forest of trunks of prostrated palm-trees, the soil near which these 
animals probably inhabited. They must have all perished on that 

9 
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being absorbed through the interstices of the fractured 
strata into the interior parts of the globe^ those emi- 
nences which had been produced at the bottom of 
the liquid were left uncovered ^ Several of the islands 
underwent successive catastrophes, and sank beneath 
the level of the waters, with all their plants and 
animals, where they were covered with different 
species of mineral strata, which were subjected to 
repeated convulsions that continued to affect the 
whole mass from its base ^. We are thus enabled to 

soil, and lefl their bones of which the fleshy L'gaments were decom- 
posed ; afterwards, owing to the subsidence of the soil, the waters 
of the sea came over them, and swept them into the cavities of the 
calcareous hills which at the present time border the valley of the 
Necker. In Russia, in the governments of Novogorod, Twer, 
Wologda, and Olonets, at ten or twelve feet under the surface, 
whole forests of trees, lying on the earth, and broken by some .irre-^ 
sistible power, have been discovered. It was, perhaps, in these 
thick forests, that those enormous animals perished; they were 
buried at the same time with the woods in which they found their 
jdielter and their pasture. Pallas informs us, that petrified woods 
are met with in the sand-hills of the plain to the east of Petersburgh ; 
he adds, that in those sandy, and frequently muddy deposits, the 
remains of great quadrupeds are imbedded. Bibl. Univ. Vol. xix. 
p. 127. 1821. 
' Joum. de Physique, Tom. xli. (part ii.) pp. 221, 222. 
^ Letter V. § 16. Having occasion to describe a bed of surtur* 
hfandt (fossil peat), covered by strata of white clay and heath sand, 
and supposed to extend over the whole summit of the Cattenbiil, a 
mountain near Miinden, De Luc remarks that such beds of fossil 
peat must have had the same origin as beds of coal, both having 
been peat-mosses on islands produced in the ancient sea by the 
earliest of the catastrophes so frequent on its bottom; which islands 
afterwards sinking, in consequence of other convulsions, passed, but 
at different periods, beneath its waters. *^ During a long time, the 
liquid of the sea possessed ingredients proper for mineralizing the 
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account for the intermixture of the debris of v^etables 
and animals with marine bodies, in many parts of the 

peat under the form of coal, on the beds of which substance many 
stony strata, of different kinds, were subsequently formed ; but its 
vegetable origin is always manifestly shown by the plants of various 
species found in the stony strata that immediately cover it. The 
peat-mosses formed on 'islands which sunk at a later period, when 
the liquid no longer possessed this mineralizing faculty, were covered 
likewise with strata of a different nature ; but in these, the peat, and 
the wood beneath it, are found with little alteration." Geol. Travels 
in France, &c.. Vol. i. § 199. See also Letter IV. § 21, and Joum. 
de Physique, Tom. xxxix. (part ii.) p. 346. 1790 ; xli. (part ii.) pp. 
221—229. 1792 ; xlii. p. 233. et seq. 1793. 

In a hill, in the district of Lauenstein, north of the Elbe, (de«- 
scribed in the Geological Travels in France and Germany, Vol L 
^ 360.) three beds of coal, one above the other, have been discovered, 
their sections appearing between those of the stony strata. These 
beds have evidently subsided at different periods. The lowermost 
rests on strata of a very hard marble containing marine bodies ; this 
bed is separated firom the next above it by strata of lime-stone like- 
wise enclosing marine bodies. Between the second bed of coal and 
the third above, there are strata of sand-stone. It is obvious that this 
last bed has been submerged at a later period than the others ; for, 
although precipitations of the stony strata were still taking place, 
the sea had lost its power of mineralizing the peat into coal : instead 
of the latter, we find only peat reduced to a blackish powder, pre*- 
serving, however, its combustibility. 

De Luc's theory respecting the islands of the ancient sea, furnishes 
in a variety of instances the most satisfactory explanations of the 
phenomena. In a reply to a memoir on fresh-water formations 
published in 1811, by M. Alex. Brongniart, our author remarks 
that this naturalist is mistaken in placing the origin of those 
deposits on our continents, posterior to the period of their being 
abandoned by the ocean ; that in the same manner as coal and fossil 
peat, they had been formed on islands and peninsulas of the ancient 
sea, which owing to the catastrophes occasioned by the infiltration 
of its waters, had sometimes been submerged, and at other times 
had re-appeared above the surface. 
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land K Several other islands, not submerged, became, 
by the last retreat of the sea, the summits of our 

^ The occasional intennixture, however, of marine shells belong- 
ing to the latest formations, with the fossil remains of terrestrial 
animals, presents a geological problem of no easy solution. In 
order to accomit for this phenomenon, Mr. J. A. de Luc con- 
ceives that there existed deep gulphs and mediterranean seas, in the 
beds of which the bones of the quadrupeds may have remained 
for a considerable time, having been drifled thither by the ancient 
rivers, or the waves of the ocean. It was then that many of the 
bones were covered with oysters, millepores, serpulae, &c. which 
adhered to their surface in the same manner as on the coast of 
Naples, fragments of urns and other utensils are found beneath the 
waters of the sea covered with the productions of marine pol3rpi or 
bivalves, or sea-worms. The same aqueous revolution must have 
buried all the organic bodies, terrestrial and marine, together with 
the forests ; and hence the intermixture of the wood and osseous 
remains with the shells. The tracts of land were left dry by a sub- 
Sequent revolution, when an universal depression of the level of the 
ocean took place. It is to this last revolution that our author adverts 
when he says, that not many ages have elapsed, since the continental 
parts of our globe were abandoned by the sea. See Sect. II. of this 
Introduction. 

As an instance of the association of bones and shells, may be 
adduced the osseous fragments dispersed in the stratum called 
Norfolk crag, or upper marine formation, as described by Mr. R. 
Taylor^ in his geological dissertation, to which reference has been 
already made, in Sect. II. of this Introduction. Mr. Taylor con- 
siders that these fragments are the relics of those animals which 
"roamed along the antediluvian shores, and aestuaries, and fed 
amidst the forests of a former world." This opinion, however, 
according to Mr. J. A. de Luc, is inadmissible, inasmuch as terres- 
trial fl nimaJa cannot inhabit a land recently covered by the ocean. 
Sach an association of the terrestrial with the marine, can proceed 
only from some sudden revolution. The waters of the ocean 
sweeping over a great portion of the globe, drifted the osseous 
fragments from the dry land to the bottom of a neighbouring medi- 
terranean sea, full of shells. Mr. Taylor adduces proofs of the 
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present mountains^ and the principal sources of the 
vegetables and animals of the new continents \ 



SECTION V. 

Agreement of Cuvier and Alex. Brongniart mth De hoc. 

The general correctness of the statement of geolo- 
gical phenomena, here set forth from De Luc, together 
with his views on the respective causes and operations 
connected with them, as suggested by that great natu- 
ralist, have been acknowledged and adopted by the 
celebrated Cuvier. 

And first, that our strata (which had been fractured 
into masses that became ridges of mountains,) were 
originally formed in a liquid, in which for a great 
length of time no organic beings existed, is admitted in 
the following passage of Cuvier's " Recherches sur les 

erosive power of diluvian currents exercised upon the stratum of 
the crag, the same probably which brought down the bones^ of the 
quadrupeds upon that stratum. The crag must have formed the 
bed of a shallow sea, in the vicinity of which there existed lands 
covered with forests, and inhabited by large quadrupeds. The 
great aqueous revolution above spoken of, drifted the fragments of 
wood and the osseous remains, and intermingled them with the 
shells ; at a subsequent period, the level of the ocean sank, and the 
bed of shells, called crag, was left dry. 

The same association is ascertained with respect to Piedmont,^ 
the Plaisantin, and Tuscany ; and also in regard to the basins of the 
rivers of Russia, such as the Jaik, the Oby, the Irtish, and the 
Kama, which discharges itself into the Volga. 

* The author accordingly considers Mount Ararat to have been 
one of the islands in the ancient sea. See Letter VI. § 18. and 
Joum. de Physique, Tom. xli. part ii. p. 221. et seq. (1792.) 
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Osseraens Fossiles:" — '* The first sea was unin- 

iiabited It is impossible to deny that 

the masses which constitute our highest mountains^ 
have been originally in a liquid state; that for a 
long time they were covered with waters, in which 
no hving beings existed." He then speaks of the 
overtumings, the disruptions, and the fissures observ- 
able in the strata of these masses, as well as in those 
of more recent formations \ 

The connection established by the author between 
the successive changes in the Uquid and successive 
revolutions at the bottom of the sea is recognised in 
the following passage : — *' the displacements of the 
strata were accompanied and followed by changes in 
the nature of the fluid ^!* 

The general connection that has been pointed out 
by De Luc between the formation of the strata and 
the history of organic bodies on our globe, is fiilly 
allowed by Cuvier in the same work. *' It was,** our 
author had said, '' the organic bodies contained in 

our mineral strata which gave birth to geolog)^" 

" their succession in our strata indicates a certain 
succession of periods in their history, connected with 
the formation of these strata ^" '* It is to fossil re- 
mains alone,*' says Cuvier, " that we owe even the 
commencement of a theory of the earth 

* See Prof. Jameson's fifth edition of the Essay on the Theory of 
the Earth, p. 20. The Professor has noticed Cuvier's adoption of 
the opinion of De Luc, that the more ancient strata, originally 
formed in a horizontal situation, have assumed their present highly 
inclined position, in consequence of subsidences that have taken 
place over the whole surface of the globe. Essay, &c. p. ^%^. 

' Ibid. p. 1 1. * Letter II. § U. I. § 7. 
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without them we should perhaps never have even 
suspected that there had existed any successive epochs, 
and a series of different operations^ in the formation 
of the globe K" 

Cuvier also^ agreeably to what had been stated by 
our author respecting the existence of organized be- 
ings^ asserts that the marine animals began to exist 
from the earhest periods of the formation of the tran- 
sition or intermediate strata, and that a long time 
after, the land quadrupeds appeared in considerable 
number. 

The changes which, according to De Luc, those 
organized beings gradually underwent, are in like 
manner admitted by the French natmralist, together 
with the cause by which these changes were pro- 
duced, " All the organized beings," says the former, 
'^ vegetables as well ias animals, whether marine or 
terrestrial, underwent great changes, in proportion 

as the liquid varied *.* " There has been," 

remarks Cuvier, '' a succession of variations in the 
economy of organic nature, which has been occar 
sioned by those of the fluid in which the animals Uved, 
or which has at least corresponded with them \'' 

De Luc had observed that the organized beings, of 
which the remains are found in the last strata pro- 
duced by the sea previously to its retreat from our 
continents, approximate to the species now existing, 
in proportion to the lateness of their appearance on 
the globe, and consequently to the shortness of the 
time during which they had been subjected to the 

* Essay on the Theory, &c. p. 51. * Letter III. § 37. 

^ Essay on the Theory, &c. p, 1 2. 
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effects of successive changes in terrestrial causes ^ 
Accordingly, Cuvier tells us that " the variations in 
the economy of organic nature, have gradually con- 
ducted the classes of aquatic animals to their present 
state, till at length, at the time when the sea retired 
from our continents for the last time, its inhabitants 
did not differ much from those which are foimd in it 
at the present day ^." 

It has been asserted by the author, that no human 
reliquiae have been found in our strata : — and Cuvier 
admits, that '* every circumstance leads to the con- 
clusion, that the human species did not exist in the 
countries in which the fossil bones have been dis- 
covered, at the epoch of the revolutions by which 
these bones were covered up ^.^ 

De Luc, as we have seen, has adverted to the im- 
portance of the distinction which he is convinced 
must be made between two classes of eflfects, one, of 

^ Letter IV. § 39. From the most accurate observations which 
We yet been made in this department of natural history, the 
following conclusion has been drawn : — " that in proportion as we 
descend the vast series of deposits that overspread this portion of 
the earth, so do we recede, step by s^ep, from the circle of organised 
beings, and from the phenomena attendant on their structure, and 
their adaptations." Philosophical Magazine, p. 152, August, 1829. 

' Essay on the Theory, j&c* p. 12. The similarity, however, 
between the fossil and living organized beings, was overstated by 
our author. Mr. J. A. de Luc observes, that in regard to the 
tnarine fossil shells contained in the last deposits of the ocean, the 
twendeth part of the different species is not to be met with in the 
present seas ; and that with respect to the terrestrial quadrupeds of 
which the fossil bones have been discovered, not a fourth part of 
the species is now existing. 

' Essay on the Theory, &c. p. 120. 
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those which had been ahready produced upon the 
earth's surface^ previously to the existence of our con- 
tinents^ and the other, of such as took place upon 
these continents, subsequently to that period; and 
has carefiilly discriminated between the causes still in 
action, and those which have ceased to operate \ 
Cuvier maintains with no less confidence, his beUef 
that " none of the agents which nature now employs, 
would have been sufiKcient for the production of her 
ancient works ^^ 

The following important acknowledgment of a 
fundamental point in De Luc's theory by Cuvier may 
here with propriety be adduced : — '* I agree, therefore, 
with M.M. De Luc and Dolomieu in thinking, that if 
any thing in geology be established, it is, that the 
surface of our globe has undergone a great and 
sudden revolution, the date of which cannot be referred 
to a much earlier period than five or six thousand 
years ago ; that this revolution overwhelmed and 
caused to disappear the countries which were pre- 
viously inhabited by man, and the species of animals 
now best known ; that, on the other hand, it laid dry 
the bottom of the last sea, and formed of it the coun* 
tries which are at the present day inhabited ; that it 
is since the occurrence of this revolution that the 
small number of individuals dispersed by it have 
spread and propagated over the newly exposed lands, 
and, consequently, that it is since this epoch only, 
that human societies have assumed a progressive 

* Elementary Treatise, § 73. Letter V. 11. Joum. de Physique^ 
torn, xxxix. (part ii.) p. 333. 

* Essay on the Theory, &c. p. 24. 
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^arch^ that they have formed establishments^ raised 
monuments, collected natural facts, and invented 
scientific systems K"* 

, With regard to the classes of effects which have 
taken place on our continents since they were aban- 
doned by the sea, the author had observed^ that " by 
tracing back the action of actual cames^ we are en- 
abled to ascertain, with sufficient precision, the time 
during which they have operated, or, in other words, 
the time which has elapsed since the birth of our con- 
tinents \ Such geological chronometers are unhesi- 
tatingly admitted by Cuvier : — ^^ when," he says, '* we 
measure the effects produced in a given time by causes 
still acting, and compare them with those which the 
same causes have produced since they have begun to 
act, we are enabled to determine nearly the instant at 
which their action commenced ; which is necessarily 
the same as that in which our continents assumed 
their present form, or that of the last sudden retreat 
of the waters ^.^ 

As a particular instance of this admission of De 
Luc's natural chronometers by Cuvier, the effects of 
the sea on steep coasts may here be mentioned. '' The 
masses/' says the former, *' fallen from the rocks have 
raised the bottom of the sea at their feet ; and we 
now find this rampart against the action of its waters, 
in a state of greater or less forwardness, in proportion 
to the depth which it originally possessed, and to the 

' Essay on the Theory, &c. p. 239. See likewise " Physical 
Proofs of the Newness of the present Continents ;** and " The 
Newness of the Continents confirmed by the History of Nations." 
p. 137. et seq. 

'^ Elementary Treatise, ? 74. ^ Essay, &c. p. 122. 

G 
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rapidity with which the rocks decay.* Geol. Travels, 
Vol. I. § 93. This fact he had ascertained, and de- 
scribed in his earliest geological works ; and he ad- 
duced it in opposition to the assertion of Mr. Plajr&ir, 
who had stated that ^' on such shores, the fragments 
of rock once detached become instruments of farther 
destruction, and make a part of the powerful artOlery 
with which the ocean assails the bulwarks of the land: 
they are impelled against the rocks, from which they 
break off other fragments, and the whole are thus 
ground against one another ; whatever be their hard- 
ness, they are reduced to gravel, the smooth surface 
and round figure, of which, are the most certain proofe 
of a detritus which nothing can resist** "If Mr. 
Playfair," continues our author, (§ 94.) *' had followed 
this operation more attentively, he would have seen 
that the gravel thus formed serves, on the contrary, 
to prepare for our land a new and more effectual 
bulwark against the assaults of the ocean. The waves, 
undoubtedly, impel this gravel against the feet of the 
rocks ; but after a certain time, they leave it there ; 
and thus, as I have already described, is formed a 
beach, which rises and extends itself more and mor^ 
and by degrees keeps the sea at a distance ^" The 

* " However correct," observes Mr. J. A. de Luc, " Mr. Lyell*» 
statement respecting the encroachments of the sea on some parts of 
the coasts of England may be, let it not be supposed that all is lost : 
new lands are forming along other portions of the coast, and what 
England loses in one part, it gains in another. Mr. Lyell seeks 
every where for instances of destruction. Thus, at p. 290, he 
relates the ravages made by the sea on the western coasts of Sles- 
wigh in Denmark, he mentions the islands separated from the con- 
tinent; but he forbears stating that those submersed lands wer^ 
premature conquests made by man over the ocean, insomuch that i^ 
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following passage in Cuvier's Essay on the Theory, &c. 
will be found in perfect accordance with De Luc^s 
account of the phenomenon in question : — " when the 
coast is high, the sea, which is thus prevented from 
throwing up any thing, exercises a destructive action 
upon it Its waves, by sapping the foundation, cause 
the superincumbent portion of the face of the cliff, 
thus deprived of support, to be incessantly falling 
down in fragments. These fragments are tossed 
about by the billows, until the softer and more divided 
parts disappear. The harder portions, from being 
rolled in contrary directions, assume the form .of 
boulders and pebbles ; and these, at length, accumu- 
late in sufficient quantity to form a rampart, by which 
the bottom of the cliff is protected against farther 
depredations." Essay on the Theory, &c., p. 29. 

The concurrence of opinion on the part of Cuvier 
with De Luc, as to the general nature of the opera- 
tions which have been taking place since our land 
was abandoned by the ocean, will be seen from the 
following extract : — " It must, in fact, have been since 
this last retreat of the waters, that our present steep 
declivities have begun to disintegrate, and to form 
heaps of debris at their bases ; that our present rivers 
have begun to flow, and to deposit their alluvial 
matters; that our present vegetation has begun to 
extend itself, and to produce soil ; that our present 

is not surprising that the sea should again have invaded them. The 
same is the case with the Zuider-See, in Holland, where the inha- 
bitants had redeemed some lands from the sea, and enclosed them 
^ith dikes at too early a period. These lands subsided, and in 
consequence of a violent storm, the dikes were broken, and the sea 
resumed its ancient possession." 

G2 
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cliffs have begun to be corroded by the sea ; that our 
present downs have begun to be thrown up by the 
wind : just as it must have been since this same epochs 
that colonies of men have begun, for the first or 
second time, to spread themselves, and to form esta-> 
blishments in places fitted by nature for their recep- 
tion." The several points enumerated in this passage 
are satisfactorily established in the following, and 
other works of De Luc. 

Such is the remarkable confirmation which the 
views of the author respecting the most important 
points of geological science, have received, at the dis^ 
tance of nearly fifty years, from the researches of the 
justly celebrated French naturalist \ 

The geological researches of M. Alex. Brongniart 
have led him likewise to form conclusions similar to 
those of De Luc. After having adduced proofs of the 
residence of the sea upon our continents for a consi- 
derable period of time, and shown that the presence 
of marine bodies at the great heights where they are 

^ In regard to the interesting phenomenon of the osseous caves 
and fissures, so ably described by Dr. Buckland, it would appear 
that Cuvier likewise adopts in a great measure the opinions of De 
Luc. In a communication with which he has favoured the editor, 
he states his belief, m agreement with our author, that the large 
quadrupeds sought shelter in the caverns of Germany, and that 
they perished there ; but that this was previously to the catastrophe^ 
which is the last, or rather the last but one, of those which have 
affected the totality, or the greatest part of the globe. Cuvier also 
has ascertained that the bones of which De Luc more particularly 
speaks, and which he conceived to belong to the white polar bear, 
are those of the Ursus Spelaeus, an extinct species. The tracts of 
land occupied by the animals, were supposed by the author to have 
been islands in the ancient sea. 
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founds cannot be accounted for by tides, or incursions, 
and extensive inundations of the waters of the ocean, 
he observes that the diflference of level found between 
these vestiges of its presence, and its highest elevation, 
dating from the most remote historical times, can be 
explained only by two classes of causes :— the lowering 
of the level of the sea, or the elevation of the land, 
" On the supposition," he continues, " that the present 
relative level of sea and land was produced by eleva- 
tion, such elevation must have been general, since we 
find on all our continents abundant proofs of the pre- 
sence of the ocean. Now this hypothesis is not easy 
to be maintained. In order that numerous points of 
a solid crust should be elevated, we must admit the 
repetition of the same cause in as many places as 
there are indications of the difference of levels, while 
a single depression of the crust of the globe at any 
particular point is sulfficient to effect the lowering of 
all the seas at the same level." Mr. B. accordingly 
contends for the probability that the marine produc- 
tions situated as he describes them, '^ were abandoned 
by the present sea, when its level was lowered, and 
that such lowering constituted the last of the great 
geological phenomena which have modified in a general 
manner the earth's surface in its relations of form and 
elevation with the seas/' Tableau des Terrains, &c., 
pp. 93, 94. 1829. 
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SECTION VI. 

Mosaic ^^ Days** to be considered as indefimte periods. 

The inferences to be deduced from the events and 
operations of which a slight sketch has been given in 
the preceding pages, as bearing upon the length of 
time which the different operations must have oc- 
cupied, are fully considered in a work published by 
the author at Berlin, in the year 1799 ^ From that,, 
and others of his works, a summary will now be given 
of the arguments adduced by De Luc in vindication 
of a more extended interpretation of the word " day,* 
as used by Moses, than that by which it is limited to 
a period of twenty-four hours. 



Arguments in support of that Opinion. 

A slight study* of the mineral strata of which 
the observable mass of our continents is composed, is 
sufficient to convince us that the globe has existed 
for a very considerable length of time. The succes- 
sion of the genera and species of the strata ; — ^that of 
the remains of organic bodies contained in a portion 

* " Lettres sur rEducation religieuse de TEnfance." This work, 
which contains the most luminous views on the important subject 
of which it treats, has not yet been translated into our language. 
It was dedicated, by permission, to the King of Prussia, 18th Dec. 
1799. 

' Lettres sur TEducation, &c. p. 92, et seq. 
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of them> changing also their species at the same time 
that those strata lying above others which had not as 
yet contained them, changed theirs ; — ^lastly, the catas* 
trophes which they have all undergone, not once but 
a number of times, and in periods necessarily very 
distant from each other, irresistibly demonstrate that 
truth. So that if we add only six solar days to the 
Mosaic chronology from Adam, the phenomena of 
the earth will in reaUty be found in direct contradiction 
with that chronology. The theologians who, in order 
to remove this difficulty, without abandoning the re- 
ceived opinion respecting the meaning of the '' days" 
mentioned in the first chapter of Genesis, bave had 
recourse to the power of the Creator, not being ac- 
quahited with those phenomena, have thus strength- 
ened in many minds, otherwise disposed to believe in 
Revelation, a favourite argument of unbelievers. The 
power of God, indeed, has no limits; but it does 
nothing in vain; it would not then be employed, 
without any object, in enclosing bodies, similar in 
every respect to the remains of organic beings, within 
the masses of stone which constitute considerable 
chains of high mountains ; and in stones which were 
to appear as having been first formed in continuous 
strata, then fractured and dislocated at different 
periods of time, very distant from each other, although 
the causes of those catastrophes are apparent To 
speak in general, when we witness manifest effects of 
second causes ; effects which, by their nature, must 
have required a great length of time for their pro- 
duction, — it is not in our power to believe that the 
causes and their effects have been produced at once 
hy a single act of the supreme will. It is, therefore. 
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necessary to have studied the earth, together with 
the causes which, operate on its surface, in order to 
be enabled to appreciate and combat the objections of 
the naturalists who attack the Mosaic history; for 
otherwise a force may be allowed to such objections 
which they do not possess. 

Geology, observes De Luc ^ would have rendered 
the objection in question unanswerable, had the word 
"day" been susceptible of one sense only; but he 
refers to his earliest work for proofs that, making use 
of our translations only, and following the application 
of the word " day" in different parts of Genesis, that 
term was frequently employed to designate periods of 
which the evening and morning expressed the termi- 
nation of one, and the beginning of another, without 
any determinate hmits. He had moreover ascertained 
from persons deeply conversant in the Oriental Ian- 
guages, that such was likewise the case in the Hebrew 
text ; and afterwards, at Gottingen, Prof. Michaelis 
assured him that he was entirely authorised to adopt 
that interpretation, which the professor even strength- 
ened by new arguments. 

In agreement with this view *, he had already in 
that first work divided the physical history of the 
earth into two great periods very clearly discernible in 
our monuments :— the one anterior to the birth of our 
continents as dry land ; — which forms the epoch of 
the flood described by Moses ; the other posterior to 
that event. He had at the same time remarked that 
the extent of the first period was not determined in 
the text, because it comprised those six "days" of 

* Lettres sur TEducation, &c. p. 93. 

^ Ibid. p. 94. See likewise Letter V. $ 11, of this Collection. 
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the first chapter of Genesis. That chapter then in- 
dicates only the order according to which some things 
m nature, respecting which it was important for men 
to know that the origin had depended on successive 
acts of the will of the Creator, have begun to exist. 
This is all that we find in that chapter ; but the study 
of nature enables us to ascertain that the second cames, 
established likewise by its author, were to continue 
their operations, for a considerable length of time, in 
order to prepare the earth to receive and maintain its 
various inhabitants in the succession which is indicated 
by the inspired writer. Now, although we have pro- 
ceeded so far as to be able to determine respectively 
those causes, circumstances have so considerably 
changed upon the globe, by their very operations, 
that fects are wanting, in order to assign the duration 
of those operations between the different acts of the 
Creator specifically declared. Such is the reason why 
the duration of the first of the two great periods of 
the history of the earth remains undetermined for us. 
Up to the creation of man, the Book of Genesis points 
out to us successive acts only of the Divine will. But 
as soon as the intelligent being to whom God con-^ 
descended to reveal himself, appears upon the earth, 
there commences a positive chronology, specified 
thenceforth by days, months, years, and successive 
generations of men. It is before the epoch at which 
al the Mosaic chronology begins, that those effects have 
A taken place the monuments of which distinctly indicate 
21 that high degree of antiquity of the earth, which con- 
ot stituted the only specious objection against the narra* 
tive of Moses, as long as the six " days" were errone- 
ously interpreted. Accordingly it may be remarked. 



i 
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that the most strenuous advocates for the supposed 
literal mterpretation, are the very writers who are 
desirous to represent as mjrthological the description 
of the primitive world by the inspired penman •. 
. The chief arguments advanced by the author against 
the interpretation which would restrict the Mosaic 
periods within the Umits of an astronomical day, are 
the following : — first ^ we may remark, in the first 
chapter of the Book of Genesis, an opposition between 
the supposed fcict of days of twenty-four hours, which 
bear a relation to the earth's revolutions in presence 
of the sun> illuminating it, and the circumstance that 
during the three first of those days, there is as yet no 
mention made of the sun, but only on the fourth; 
which circumstance alone had induced some inter-* 
preters to consider this history of the creation as 
divided into six periods of indefinite length. 

In illustration of the author s argument, it may be 
remarked that the purpose of the creation which took 
place on the fourth day, was the separation of the day 
from the night in the literal sense of those words ; — 
was, in feet, the formation of a day of twenty-four 
hours. Before that time, therefore, no such period 
as that of a natural day could have existed. This 
purpose is apparent from the words of the 18th verse: 
*' to divide the light from the darkness.** Wherefore 
the words morning and evening in the preceding 
verses must be considered as allegorically expressive 

^ Lettres sur TEducation, &c. p. 95. This remark was meant by 
De Luc to have its chief application to certain sceptical writers ia 
Germany. 

* Lettres sur le Christianisme adressees k M. le Pasteur Teller, 
p. 55 f et seq. 
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of the beginning and ending of periods of a different 
kind ; and the word day in the 5th verse should be 
understood to designate merely in general a period of 
light of a very different length from that of a natural 
day^ 

Another consideration would necessarily lead to the 
same inference with that of the author in respect to 
the length of the Mosaic '* days,** namely, that * they 
are designated by evening and morning, an expression 
which does not indicate twenty-four hours ; for that 
space of time would be reckoned from evening to even- 
ing, or from morning to morning. And in the 23d 
chapter of Leviticus, we have a proof that in the lan- 
guage of Moses such an interval would be so expressed. 
Speaking of the day of atonement, the tenth day of 
the seventh month of the year, and consequently 
meaning a day of twenty-four hours, the writer defines 
it thus in the 32d verse : " The ninth day of the 
month at even, from even to even, shall ye celebrate 
your Sabbath'." And as, moreover, morning and 
evening are expressions used to denote likewise the 
heginning and end, either of a life, or of a certain 
period, there can be no doubt that it is necessary, 
without reference to any thing but the immediate 
sense contemplated by the inspired writer, to take for 
mdefinite periods the " days** in question. 

* Accordingly Philo Judseus calls " day** a period of light, Gen. i. 
^ ; and on Deut. iv* 4. OVH arre/paroc teal d^ie^/riyroc alaty, Aben 
Ezra, (remarks a learned Orientalist) in his commentary on the 
account of the Creation, asserts, that DV allegorically expresses a 
revolution, (^^^H). 

^ Lettres sur le Christianisme, &c. p. 56. ' Ibid. p. 56, 
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In regard to the indefinite length of those periods \ 
excepting in so far as they are determined by the 
nature of the case, we meet with a proof in the sub- 
ject itself, as early as the fourth verse of the second 
chapter : " These are the generations of the heavens 
and of the earth when they were created ; in the day 
that the Lord God made the earth and the heavens." 
The translators were well aware that a day of twenty- 
four hours in this place was not spoken of, since the 
term here designates the entire six ; accordingly we 
read in the French translation: *' qitand TEtemel 
Dieu fit la terre et les cieux *.'* 

It could be proved^ by many other examples, that 

^ Lettres sur le Christianisme, &c. p. 56. 

* In Coverdale and Mathew's Translations of the Bible, the word 
** day" in the above passage is rendered by time, " Eo die — id est, 
quando" observes Le Clerc in his commentaries, " nam hie dies sex 
dies propria dictos complectitur. Dies tempus in genera passim 
>dicitur." In a work held in high estimation by the Gallican Churchy 
entitled, La Gen^se traduite en Francois, avee une explicatioa tirkt 
des saints Peres et des auteurs ecclesiastiques, 1682, the following 
note is annexed to the verse here quoted : Aujour^ &c. — c'est a dire 
au terns, Le mot de jour se prend souvent dans TEcriture pour le 
terns, Et ainsi il marque en ce lieu Tespace des six jours, pendant 
lesquels le monde a ete cree.'^ The word " day" has been applied' 
to the seventh day, and not to the preceding six ; (Comparative 
Estimate of the Mineral and Mosaical Geologies,) such an application^ 
however, is in contradiction to the received sense of the passage* 
And if the word " day" does not mean here the seventh day, then 
that term may be taken for a period of indefinite length generally ; 
for " the heavens and the earth," not having been created in aii- 
astronomical day, we are at liberty to exclude the literal sense in- 
cur interpretation of the six Mosaic days, and to consider them as^ 
periods of undetermined duration. 

^ Lettres sur le Christianisme, &c« p. 57, 
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this word is employed in Hebrew to denote any period 
of time whatever, without any restriction except the 
nature of the circumstance ; but one other instance 
will suflSce to make this evident ; it occurs in Leviti- 
cus, chap. XXV., where, amongst divers ordinances 
prescribed by God to Moses for the time when the 
Israelites should be settled in the land of Canaan, we 
find the following, verse 8 : "And thou shalt num- 
ber seven Sabbaths of years unto thee, seven times 
seven years ; and the space ^ (days) of the seven 
Sabbaths of years shall be unto thee forty and nine 
years.** 

Lastly^, a sufficient proof how familiar this sense 
of the word was to the Jews, is that they transplanted 
it into the Greek language. St. Paul, in the 3d 
chapter of his epistle to the Hebrews, verse 7 — 9, 
says : '' Wherefore, as the Holy Ghost saith, to-day 
if ye will hear his voice, harden not y oui> hearts, as in 
the provocation, in the day of temptation in the wil- 
derness : when your fathers tempted me, proved me, 
and saw my works /or^y years 



8 »» 



^ Jours is the word used in the French translation, agreeably to 
the original. 

* Lettres sur le Christianisme, p. 58. 

* In this passage, " in the day** is but the Hellenistic version of 
W2, which D1^ is expressly here said to have occupied forty 
years. Some writers conceive these Yamim to have been alQveSf 
which imply ages of immeasurable duration, together with the created 
Beings existing in them during their course, and the seventh day or 
otiy to be that now passing ; and imagine the eternity of the last day 
to be described as reaching elg tovq aiwvac; rwv aiijvwv. In this idea 
they are corroborated by the epistle to the Hebrews, e. g. i. 2. xi. 
8. in which the term aiUjveQ appears to refer to the successive periods 
of the creation. See Macknight's Commentary, and F. M. Macnab's 
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A modem critic ^ has objected that the word '* day,** 
in instances like those adduced by the author^ ^ is 
employed only to produce an impression of present 
occurrence or of actual arrival,** without reference to 
length or continuance of time. Such a view, how- 
ever, seems to come short of the truth. In all similar 
passages the word likewise necessarily suggests the 
idea of duration, though it may be irrelevant to the 
writer's object to advert to it. Thus in Hebrews iil 
7 — 9, the word suggests the sense of a period of a 
natural day, employed metaphorically, since a term 
of forty years is spoken of. It was for the purpose of 
adducing the word in this metaphorical sense, that 
De Luc has quoted the passage. 

The following passages may here be added: — 
" Hide not thy face from me, in the day when I am in 
trouble'' Psalm cii. 3. (*' time of my trouble*' — early 
Geneva Bible.) " Thy people shall be willing in the 
day of thy power." Psalm ex. 3. (*' Thy people will 
be very willing in the time of showing thy most mighty 
power." Bishops* Bible.) " And in that day shall the 
deaf hear the words of the book." Isaiah xxix. 18. 
(" When the Messiah shall come." Bishop Wilson's 
Bible.) ^^ Thy day is come, the time that I will visit 
thee." Jerem. 1. 31. In the Septuagint, cap. xxvii. 31. 
the word time, is rendered in the same passage by 

jcaipoc. 

It would seem that in these passages, which, as is 
evident, might be easily multiplied, the term '^ day" is 

" Theory of the Moral and Physical System of the Universe." p. 10, 
et seq. Edinb. 1817. 

* See Mr. Granville Penn's Comparative Estimate of the Mineral 
and Mosaical Geologies. 
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expressive not only of the actual arrival of the time, 
but also suggests the idea of the whole period ad- 
verted to ^ : as in the instance of St John, in which 
our Saviour mentions Abraham, as rejoicing by anti- 
cipation to have seen his day. On this passage it 

m 

may be observed, that as the Jews expressed the 
times of the Messiah by the plural form, '' days of 
the Messias,** and our Saviour adverted to them by 
the singular form " day," (ttjv vfiipvv rrjv c^ijv) it is evi- 
dent, that in Jewish phraseology the one form was 
equivalent to the other, consequently, that this j/dm 
alluded to the whole dispensation of our Saviour. 

In the author's Correspondance Particuliere entre 
M. le Docteur Teller et J. A. De Luc, Hanovre, 
1803, he remarks, that the seventh Mosaic day must 
evidently be considered as a period of rest of indefi- 
nite duration as a period which commences 

after the creation, and is not to terminate until after 
a great change in the order of things. He here ad- 
verts to the first, and second or " eternal sabbath" 
mentioned by Bacon, in his Confession of Faith, 
whose authority he adduces in favour of his interpre- 
tation of the seventh day ^. That we are led to such 

* This criticism is corroborated by the following passage : — 
Posset exponi dtes, per totum tempus Novi Testamenti, k nativitate, 
aat ab ascensione Christi, usque ad finem seculonim. Hsec expositio 
ftbsurda videri nemini debet : ciim oeconomia Novi Testamenti plus 
semel veniat nomine diei. Abraham desideravit tndere diem Domini, 
id est, beata ista tempora Novi Test. Job. viii. 56. Et dies salutis 
dicitur, quoniam haec tempora, et Judaeis et Gentibus, salutem adfe- 
nmt. Es. xlix. 8. Ps. cxviii. 24. 2 Cor. vi. 2. Johan. Braunii 
Dissert, de Adolit. Suffitus. Ugolini Antiq. Sacr. Thesaurus, p. 786. 

' " The laws of nature, which now remain and govern inviolably 
till the end of the world, began to be in force when God first rested 

9 
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a conclusion by the passage itself^ does not, in the 
view of the author^ admit of a doubt After having 
designated by evening and morning, the " days** or 
periods of the terminated works, when the sacred 
historian comes to the period (or day) of rest, at the 
commencement of the second chapter, he thus alters 
his form of expression. " And on the seventh day 
God ended his work which he had made: and he 
rested on the seventh day from all his work which he 
had made :" a remarkable distinction between that 
period which was then beginning only, and those 
which had successively terminated. " It is in this 
sense," observes De Luc, '* that Bacon understood 
the ^ day of rest* of the Creator, without even any 
reference to the preceding ' days.* When God insti- 
tuted the sabbath among the Israelites, he gave it to 
them as a sign of his covenant with them, and it be- 
came the emblem of his ' rest' on the ' seventh day,' 
or the seventh of the periods recorded in the book of 
Genesis ^" 

. Our author's mode of reasoning from this remark- 
able passage of Bacon, appears perfectly just* God's 

from his works, and ceased to create. Notwithstanding God hatb 
rested and ceased from creating since the first sabbath, yet, never- 
theless, he doth accomplish and fulfil his divine will in all things 

as ^lly and exactly by providence, as he could by miradd 

and new creation •••••• so that the ways and proceedings of God 

with spirits are not included in nature ; that is, in the laws of heaven 
and earth ; but are reserved to the law of his secret will and grace: 
wherein God worketh still, and resteth not* from the work of redemp-» 
tion, as he resteth from the work of creation : but continueth working 
till the end of the world ; what time that work also shall be accom- 
plished, and an eternal sabbath shall ensue." 
* Correspondance Particuli^re, &c. pp. 8. 10. 
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rest from his work of creation still continuing, the 
word " day," as descriptive of the duration of that rest, 
must necessarily be taken in an indefinite sense ; and 
hence we may further conclude that the six preceding 
*' days" indicate, in like manner, periods of undeter- 
mined length. 

These are the principal arguments adduced by De 
Luc in defence of the interpretation which he has 
adopted. Some further illustrations and remarks on 
this interesting point will here be offered by the editor 
in confirmation of his views. 

It had been objected against the author, that he 
ought not to contend respecting the direct meaning 
of Genesis with those who are acquainted with the 
original language, in consequence of his own igno- 
rance of it. He defended himself from the objection, 
by alleging that no difference of opinion existed on 
this head, excepting in regard to the word '^ day" in 
the first chapter of that sacred book ; and that the 
question in point had no exclusive reference to the 
Hebrew tongue. The metaphorical or secondary 
sense of the expression, he observed, is adopted in all 
languages; and, as an immediate instance, he quotes, 
in his '' Correspondance Particuliere," &c. p. 7, Dr. 
Teller's own expression : *' although I have now 
reached the evening of my life." It seems, in fact, a 
gratuitous assumption to maintain that the term is not 
to be taken figuratively in the first chapter of Genesis; 
especially when it is considered how pecuharly favour- 
able the Hebrew language is to the metaphorical use 
of words. 
Since geological phenomena attest that many ages 

have elapsed between the first /a^ of the Almighty, 

H 
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and the appearance of man upon the ^obe, die iA- 
lowing alternative seems to present itself; other we 
must admit that the Mosaic ** days' are indetcmiiiiite 
periods, or it must be supposed that the greato 
number of fossils were formed before the Mesne 
creation — an hypothesis which appears contrary to 
the express declaration of Scripture. When we read 
in the third verse of the second chapter of Gienesis, 
that '^ God blessed the seventh day, and sanctified 
it : because that in it he had rested from aD his woib 
which God created and made/' and connect these 
words with the expression in the fourth command- 
ment^ ** In Jfix days the Lord made heaven and earth, 
the sea, and all that in them is," we seem precluded 
from having recourse to the hypothesis recurred to by 
some of an anterior state of thin^, the existence of 
which would account for the greater part of fossils 
found in our mineral strata \ 

' That the hypothesis, noticed in the text must be rejected from 
considerations unconnected with scripture authority, will appear 
from the following remarks, extracted from the Bibl. Univ. torn, 
xviii. (Sciences et Arts,) p. 58. 1821 : ** Some have imagined that 
the earth has had two distinct existences, separated by the chaos 
s|>okcn of in the second verse of the first chapter of Genesis. This 
opinion, however, is contradicted by natural history. The study of 
the fossil organized bodies exhibits a series of changes which are 
connected with each other. Thus amongst the most ancient marine 
fossil shells we discover several genera which still live in our seas ; 
we follow their history through 'all the mineral strata until wc 
arrive at those which inhabit the present ocean. Although many 
genera are extinct, and others appear, there are permanent genera 
which serve as links of connection between the different epochs. 
At one of the epochs of the existence of marine animals, oviparous 
quadrupeds began to exist ; afterwards the viviparous and terrestrial 
quadrupeds appeared, and lastly man, together with new species of 

•7 
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Should it be objected that the Hebrew word in the 
latter passage is^ rrtm (to arrange^ to complete) and 
not >^12 as in Gen. i. 1, it may be observed in reply, 
that in some parts of the Hebrew Bible these expres- 
sions are equivalent, and that the former word includes 
not unfrequently the whole process of creation collec- 
tively, as in Exod. xxxi. 17 ; Psa. cxlvi. 6 ; Jer. x. 12 ; 
1 Chron. xvi. 26 ; Nehem. ix. 6 ; Psa. xxxiii. 6 ; 
xcvi. 6 ; cxxi. 2 ; cxxiv. 8 ; cxxxiv. 3 ; and many other 
instances, which might be produced. But those ex- 
pressions also occasionally occur together, as in Isaiah 
xliii. 7 ; xlv. 18, &c. 

If then it can be shown that the word ''day" is 
sometimes employed in Scripture in the sense of an 
indefinite period of time, it becomes requisite to adopt 
that interpretation of the word which is alone com-^ 
patible with the phenomena. 

quadrupeds • • • • • We can ascertain a succession in the revo- 
lutions of the globe, the last of which affected the human race 
••••.••• ••••and we nowhere perceive a saltus indicating two 

well defined and distinct existences of our globe. An universal 
state of solution immediately followed the creation of the earth in 
its unshapen state, and it was then that in consequence of its rotatory 
movement, it assumed a spheroidal form flattened at the poles and 
jutting out towards the equator ; the different revolutions of which we 
perceive the traces at its surface, took place at subsequent periods. 
We accordingly find nothing in natural history to countenance the 
conjecture of a perfect condiidoji of the earth anterior to, or interme- 
diate between the successive revolutions which have brought it into 
Jte present state." Memoire sur la chaleur interieure de la terre, 
pw M. J. A. de Luc, neveu. 
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Ancient and Modern Authorities. 

Some of the most pious and learned men of ancient 
and modern times have coincided in the views of De 
Luc on this subject. A few authorities will here be 
brought together. 

Origen conveys in forcible language his opinion 
that the Mosaic '* days'* are not days of twenty-four 
hours: — " Cuinam quaeso sensum habenti convenienter 
videbitur dictum, qu6d dies prima, et secunda, et 
tertia, in quibus et vespera nominatur, et mane, 
fuerint sine sole, et sine luna, et sine stellis : prima 
autem dies sine coelo." 

St. AuGUSTiN expressly says that the words " the 
evening and morning were the first day," are not to 
be understood of the termination and commencement 
of an ordinary day ; (de Civit. Dei, Lib. L cap. 29.) 
and in the same work he further states that it is very 
difficult, nay, impossible to conceive, much more to 
set forth the nature of those days : " Qui dies, cujus- 
modi sint, aut perdifficile nobis, aut etiam impossibile 
est cogitare, quanto magis dicere." 

That Bede was likewise of opinion, with other in- 
terpreters, that, in scripture language, a day is not 
always to be restricted to a period of twenty-four 
hours, would appear from his annotation on the latter 
part of the fifth verse of the first chapter of Genesis : 
^^ and the evening and the morning were the first 
day ;" — " fortassis hie diei nomen," he observes, 
'* totius temporis nomen est, et omnia volumina secu- 
lorum hoc vocabulo includit." 
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M. D. Frayssinous, bishop of Hermopolis, after ob- 
serving in his able Defense du Christianisme, Vol. I. 
(1826,) that DuGUET ^, one of the most learned Scrip- 
ture commentators of the last century, explains the 
Mosaic *' day" as signifying simply an indefinite time, 
or epoch, adds that there is nothing in that opinion 
contrary to sound doctrine, and that it is entertained 
by several divines. 

The opinion of Prof. Michaelis has already been 
adduced. Mr. Faber, in his learned '^ Treatise on the 
Patriarchal, Levitical, and Christian Dispensations^," 
has ably advocated the more extended interpretation. 
'^ Nothing," he observes, ^' can well be more indefinite 
than the term which we translate by the English 

word day '. in truth the term abstractedly would 

be more accurately expressed by the word period than 
by the word day: for the context alone can deter- 
mine, what specific period it may describe in any 
particular passage." 

Similar conclusions respecting the duration of the 
Mosaic ''days" were formed by Mr. J. Townsend in 
his '' Vindication of Moses." '' In perfect conformity 
to prophetic language," he says, '' the term day may 
be referred to period in general, without meaning to 
restrict the word to its present acceptation." Vol. I. 
p. 41 ^ 

* Explication de I'Ouvrage des six jours, ou Histoire de la Crea- 
tion. One vol. duodecimo, 1731. 

* Vol. I. p. 112. 

' " Notum est Diem aliquando a prophetis sumi pro anno, 

veluti apud Danielem cap. ix. ubi septuaginta hebdomadae, adeoque 
quadringenti nonaginta dies^ ponuntur pro tot annis. Vide quoque 
Numerorum iv. 34. et Ezek. iv. 6." 

** Dies sumitur a prophetis pro trecentis sexaginta annis, veluti 
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The following remarks on this subject, extracted 
from ^' Theses sur la Creation du Monde,"* maintained 
at Geneva, in the year 1809, are deserving of consi- 
deration. *' The word ydniy day, does not always 
carry with it the idea of an ordinary day of twelve or 
twenty-four hours ; in certain cases it is taken figara- 

tively Among the Jews it was customary to 

say dd,y of summer for the whole summer, and day of 
harvest for the whole harvest season. Let us further 
observe, that the literal sense of ydm, is not that of 
an astronomical day, but a day of twelve hours. The 
sacred writers, when they speak of a day of twenty- 
four hours, generally designate it by a periphrasis; 
they say a day and a night. Gen. vii. 12 ; Jon. i. 17, 
&c. If the authority of the ancient cosmogonies can 
add any weight to what we have now said, we shall 
remark that several nations have preserved the idea 
of a succession of times more or less long for the 
epochs of creation, and that not one of them has 
adopted the idea of days, in a literal sense, although 
they consecrated the belief of six spaces or periods of 
time." The author of the '' Theses'* here alludes to 
the doctrine held respecting this subject by the ancient 
Etruscans, by the Persians, and the Hindoos. 

The Etruscans, according to Suidas, held that Grod^ 
the author of the universe, employed 12,000 years in 
all his creations. In the -first chiliad, or 1000 yearS:^ 
God made heaven and earth ; in the next, the firma-^ 
ment which appears to us, calling it heaven ; in th^ 
third, the sea and all the waters that ax^ in the earth ^ 

quando tres dies cum dimidio poauntur pro mille ducentis sexagint^ 
annis. Dan. vii. %5, Ap. xi. ^.'* Johan. Braunii Dissert, utsupr^^- 
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in the fourth, the sun, moon, and stars ; in the fifth, 
every volatile, reptile, and four-footed animal in the 
air, earth, and water ; in the sixth, man ^ The crea- 
tion of the world, according to Zerdusht or Zoroaster, 
occupied 3000 years : at first the heavens were 
created— -then the waters — then the earth — then the 
plants — then the animals — then man, constituting in 
all six periods ^ In the institutes of Menu, the days 
of creation are mentioned as periods of some thousand 
years ; and even a day and a night of Brama is by 
mythologists extended to an inconceivable duration \ 

The editor has great satisfaction in being per- 
mitted to adduce the high authorities of the Rev. 
Samuel Lee, late Professor of Arabic, and present 
Professor of Hebrew in the University of Cambridge, 
and of Dr. Wait of the same university, in favour of 
the indefinite and metaphorical sense of the word. 

'' Such a sense," observes the Professor, '^ is fairly 
to be collected from Numb, xxviii. 26r — the day of 
first-fruits. We have in Buxtorf's Great Lexicon, 
* Di''-i^DV dies : late sumptum est Tempus, et Synecdo- 

chkh Annus.' This the examples will bear out. Thie 
compilers of * the Seven Seas state that ' Rdz ^ is 
used in the sense of Rozgctr (time) which is an ap- 

^ For coincidences of ancient traditions with the Mosai&account of 
tlie creation, see Philip Howard's Scriptural History of the Earth 
and of Mankind, Letter I. with the notes and illustrations. 

' Bauer's Mythologie der alten Hebraer, from Kleuker's Zen- 
davesta. 

* See Wilson's Sanskrit Dictionary on the word Kalpa, 

^ Hafl Kulzum, a valuable Persian Lexicon. 

' The Persian of yom or day. 
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pellation intimating opportunity (i. e. icatpo^,) as they 
say, this is the time (season, &c.) of such an on^/ In ' 
this case^ therefore, it is indefinite. It is added, that 
the word is used ' in the sense of i/dm, which is ex- 
pressed also by nihar in Arabic/ " 

'* Mr. Granville Penn,** Dr. Wait remarks, *' is not 
sanctioned by any positive authority in restricting ^ 
to the sense to which he confines it in the Cosmogony : 
for, conformably to the genius of the Semitic, and 
indeed of most Oriental languages, the word, as well 
in its singular as in its plural form, often passes from 
its primary signification to an extended metonymical 
sense, like ri^pa and dies in the classical page : — ^which 
fact being proved by the Psalms, the Prophetic Books, 
and the Hebraisms of the New Testament, Mr. Penn 
cannot be authorised in excepting Genesis from the 
admission of its more general force. He moreover 
affirms, that it ' may be used, as the commencing 
point or epocha of a great and undetermined period/ 
but that it ' will ever remain distinct from the flux 
and progress of that period.' 

" The incorrectness of this assertion may be proved 
by a multitude of passages ; for instance, the day of 
salvation is called T^*l JT^, the accepted time in Isaiah 
and the New Testament, and ^in D^ by the Jews 
in general ; consequently these terms must not only 
denote ' the commencement/ but ' the flux or pro- 
gress,' of the whole period of the Christian dispen- 
sation. 

« 

" In like manner, the day of destruction — of venge- 
ance — of wrath — of slaughter — of visitation — of small 
things — of drought — of distress — of trouble — of ad- 
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versity, &c. &c, cannot be confined to the commence- 
ment of these periods, but must necessarily be under- 
stood of their entire continuance ^ 

^' Not contented, however, with this affirmation, 
Mr. Penn avers, that the word means ' actual time, or 
time impending,* but never ' time retrospective.' 

'* What then is the meaning of ubwrv DV in Psalm 
cxxxvii. 7 ? For as this Psalm was written after the 
destruction of Jerusalem, and the deportation of its 
inhabitants to Babylon, yom Yerusalam, if it has any 
definite force, can only be ' time retrospective.* Other 
examples of its retrospective sense may also be seen 
in Josh. X. 12 ; xiv. 11 ; 2 Sam. xxii. 1 ; 1 Kings ii. 
8; Esth. ix. 1 ; Ps. xcv. 8 ; Isa. ix. 4 ; Lam. i. 12 ; 
ii. 1, &c. So in Psa. ii. 7, either DVn must have a 
retrospective meaning,— ^or a precise point of time, 
when Christ, (whom we assert to have been begotten 
before all worlds) commenced to exist, will be asserted 
according to Mr. Penn's canon. 

" Among other instances, Mr. Penn endeavours 
to substantiate his argument from Zach. xiv. 7. In 
this he seems to be equally unfortunate : — first, 
because THK D1^ (as Rosenmiiller has shown) imports 
a dies sui generis, — one, to which no other can be 
compared ^ — which is distinctly proved by its de- 
scription, that it is neithei* day nor night, or, accord- 

' " In 1 Kings viii. 59. (iDV^l DV 'XXl, which our translators have 
well paraphrased, * as the matter shall require^* and Luther rendered, 
*ein jegliches zu seiner zeit,*) the indefinite force of DV canfiot 
be denied." 

* " iOilTT DV^ in verses six and eight, is rendered by Luther * zu 
der zeit :* DV]2 and DVD must be necessarily retrospective y wherever 
they occur." 
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ing to the paraphrast, neither Uke to day^ nor Uke 
to night. Jerome calls it ' una dies atque perpetua^ 
nequaquam sibi luce et tenebris^ die et nocte^ siicce* 
dentibus/ 

'* Secondly, Mr. Penn is imfortunate, because the 
whole chapter, particularly verse 9, demonstrates it to 
be a considerable period, which the words, ' for it will 
come to pass, that at eventide there will be light,' 
still further corroborate, that vespertirial light prophe* 
tically relating to the universahty of the Gospel in 
the latter part of this S3rmbolical yom. 

'* In support of the inferences which he elicits fix)m 
the eventide in this passage, he quotes Ezek. viL 10, 
where the morning is also mentioned. Hence he 
argues, that ' the primitive signification of the teroa 
still holds its simple ground :' that ' it denotes de^ 
finitely and exclusively the actuality or presence of 
a time, but it does not denote indefinitely or inclix* 
sively continuation or length of that time :' that ' it 
is employed only to produce an impression of present 
occurrence or of actual arrival.' 

'^ This passage, however, is singularly inimical to his 
theory ; not only because the day, of which the begin- 
ning is by a just metaphor styled the morning*, is in 
the 12th verse denominated the time, (jnyri) but still 
more so, because the context proves the prophet's 
reference to be to a lengthened period of calamity. 

* " In Ezek. vii. 10, the word is m^Blin, which Simonis (Ed. 
Eichhorn) thus interprets, * fatum, malum extremum, propria intor-" 
tum, q. d. intortus calamitatwm cinnus, et quasi rete :' hence, the 
received translation, resting hypothetically on the Chaldee sense, 
is uncertain." 
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9 

Consequently, the arguments, which Mr. Penn would 
establish on the terms morning and evening are &tile 
and invalid, and may be subverted by the merest 
tyro in Oriental phraseology. Literally and prima- 
rily, they are indeed parts of the day ; but figuratively 
and secondarily, they become by an easy metaphor 
commencements and terminations of periods. 

" In this respect the scriptural language is uniform : 
and it is obvious to reason, that if a period, whatever 
be its length, be metaphorically called a day, the ana- 
logy of metaphorical diction will require the beginning 
and close of such a period, to be expressed in terms 
bearing a self-evident relation to that by which the 
period itself is designated ; or in other words, that as 
- the boker and erev (or morning and evening) are com- 
ponent parts of the day, when the term day itself is 
figuratively applied, it will require these to express the 
opposite parts of that, of which yom is the metaphor. 
On this principle, we read of the evening and morn- 
ing of the cosmogonical yom; on this principle, in 
some passages, which compare human life to a day, 
we read of its morning, its noon, and its evening, 
and occasionally observe its close appropriately desig- 
nated by the night: hence also, the final judgment 
being called the great day of the Lord, we read of the 
morning of the resurrection. 

'' Mr. Penn affirms, Ukewise, that DV is not synec- 
dochically accepted as a year. 

^' To support this assertion he quotes * Numb. xiv. 
34, and Ezek. iv. 6 > but these authorities are positively 
opposed to him. 

^ " Cf. Michaelem in Suppl. p. 1066." 
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They define the norm of computing the divine judg- 
ments to be nitt6 DV, notwithstanding which most 
definite expression, he strangely asks, ' in which of 
these passages does the word day denote a natural 
year X 

'* It is answered — in neither, according to the j9rt»ii- 
twe force of the word, but most assuredly in both, 
according to its metaphorical sense and the du-ect 
affirmation of the passages ; nor is it improbable, that 
from this prophetic norm the term became extended 
to the signification of this period. We can, however, 
desire no stronger evidence than that, with which the 
seventy weeks of Daniel supply us ^ 

^' The period of the final judgment is also called DV, 
which, Mr. Penn says, ' will begin upon the world, 
like all former days, but will not end, as all former 
days have ended. The term is exclusive of the 
duration, which shall follow. It is the actuality of its 
arrival alone, as a punctum temporis, to awaken reli- 
gious apprehensions, that is denoted by the word day.' 
How does Mr. Penn know, that the day of judgment 
will begin like all former days ? by what authority does 
he pronounce the term exclusive of the duration ? The 
Jews imagine that it will be of considerable duration, 
notwithstanding which, in accordance with prophetic 
language, they call it DVn, or in the Rabbinical dialect 
DITT ^ny^ *. The Arabs believe the same, and call it 
not only yom, but eternal life, and the everlasting day. 
St. Paul uses rifjipa in a similar sense, and in Rom. 



* " Simonis adduces P^. xviii. 19 ; 1. 15 ; /s. ix. 3. &c. to prove, 
that it also means time in general." 
' Cf. Bereshith Rabba, 34. 33. 4. 
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xii. 12, contrasts the Mosaic dispensation under the 
figure of vv^, with the Christian under that of h^^, 
in interpreting which every unprejudiced person must 
admit, that vv^ expresses the whole period of the 
Mosaic, and i^juipa the whole period of the Christian : 
— ^if then DV or r^^ikpa so frequently involves in itself 
the idea of a long duration, may it not be legitimately 
applied both to the creation and to the final judg- 
ment, without necessarily confining the period to that 
of a natural day ? But Mr. Penn urges, ' the Son of 
Man shall come in a day and hour, when ye look not 
for him : — who understands the words dav and hour, 
to denote and include the eternity, which he is sensi* 
ble will follow ?' 

*' Here it is but necessary to remark, that the day 
and hour are Hebraisms used to express time, that the 
terms are frequent in the Evangelists, and that in 
Mark xiii. 13, these are called icacpoc : hence, the day 
of the Son of Man not merely refers to his second 
advent, but also to the period of that judgment, which 
will be consecutive to it. For, no one aware how 
widely the corresponding term is used ^ by the Arabs, 
and who has examined its extensive force among 
the ancient Hebrews, can dispute these philological 
assertions. 

*' I have now arrived at the main question. If 
in other instances DV has this figurative sense, 
and if geology and philosophy in general oppose the 
idea, that the process of the creation was completed 
in six natural days, are we, when observing the fuller 
sense of the word in passages not to be disputed. 
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authorized in confining the six 0^^ of the cosmogony 
to six natural days ? 

'' ScHOETTGEN, in Acts ii. 17, has adduced the 
Jewish legend or opinion, that each yom occupied 1000 
years ^, .whence the Jews computed six millennaries 
before the advent of the Messiah, whom they ex- 
pected ^K/l^ntt^ DVa in the sixth yom, i. e. anno 6000 — 
assigning the whole of the seventh yom or millennary 
to his reign. 

*' Now, as Glassius and others have shown, that 
where human properties and periods of time are pre- 
dicated of the divine being, the language is necessarily 
anthropopathetical ; connecting the Jewish opinion 
cited by Schoettgen, with St. Peter's assertion in Ep. 2. 
ch. iii. 8., we may without violence suppose, that W 
was simply a; term expressive of each period of the 
creation, without actually defining the period of its 
continuance. 

" If so, the six D^p^ were indefinite epochs. In corro- 
boration of this, the first chapter of Genesis details the 
six D"'D% during which the process advanced to its per* 
fection, but in the second, at verse 4, we read of the 
creation of the heavens and the earth, in the day or ai 
the period (DV2) when the Lord God made them: 
therefore these six D^D^ must be comprised in this 
individual DV, and the term must imply an indefinite 
period. 

" Mr. Penn, however, argues that they must have 
been natural days, because each had its my or even- 
ing, and Ipa or morning. 

'* This objection has been already refuted, because 

' " Cf. Zohar. in Gen. 13. c. 52." 
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the erev and the boker were necessary to preserve the 
uniformity of the metaphor, and therefore yield no 
evidence that the yom was a natural day. 

*' Although in Daniel viii. 14. 26. and in Exodus and 
Leviticus, the w^^BiipjEpov be, as it is urged, implied by 
the erev'boker, the inference, that it imports the same 
in the first chapter of Genesis amounts to nothing, 
because the real question is, — not whether the erev 
and boker are ever expressive of a day of twenty-four 
hours, — but whether the yom in the cosmogony, of 
which the erev and boker are parts, be predicated of a 
natural day, or metaphorically of an indeterminate 
period. 

^' When, therefore, we consider the stupendous work 
of the creation, it is consentaneous to sound criticism 
to presume, that if instances occur, in which DV is 
invested with a wider signification than that of the 
ordinary day, in which it expresses periods of time 
not defined by the passage, it must d fortiori have 
possessed this more ample and enlarged sense in the 
first chapter of Genesis. 

" The very words DV Ipa TD y)V m give the idea of 
successive periods, and mark the erev as the com- 
mencement, and the boker as the termination. 

" From which collective reasons I have no hesitation 
in believing, that DV in the first chapter of Genesis 
referred to a period consisting of a length not to be 
determined." 
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Connection between the Mosaic narrative of the Creation 

and Geological Phenomena. 

But further : — while the first chapter of the Book 
of Genesis sets forth a certain order of operations 
which have taken place in periods of indeterminate 
length, that very order, up to the first existence of 
man, is manifested by geological phenomena. 

That in the following Letters, the conformity of 
geological monuments with the sacred history of the 
creation may not escape the reader's observation, the 
author has divided the series of physical operations 
which resulted from the introduction of light, into m 
periods, until the appearance of man upon our globe. 

This striking agreement, first pointed out by De 
Luc, is acknowledged in the valuable work of Mr. 
Parkinson. After observing that the formation of the 
exterior part of the globe, and the creation of its 
several inhabitants, must have been the work of a 
vast length of time, and have been effected at several 
distant periods, he thus continues : — " In the first of 
these periods, the granitic and other primary rocks 
were separated from the water. {Gen. i. 9.) That 
this separation took place, as is stated in the Scrip- 
tural record, previously to the creation of vegetables 
and animals, is evident from no remains of any organ- 
ised substance having ever been found in any of 
these substances. In the next period we are informed 
by Scripture, that the creation of vegetables took 
place, (Gen. i. 12.) Almost every circumstance in 
the situation and disposition of coal accords with this 
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order of creation. The creation of the succeeding 
period was that of the inhabitants of the water and 
of the air. (Gen. i. 20.) In agreement witb this 
order of creation, are the contents of all the numerous 
strata lying above those already mentioned ; including 
the blue clay which we have seen disposed in many 

Solaces almost at the surface In the next 

{Wiod it is stated, that the beasts of t^e earth, cattle^ 
ana every thing that creepeth upon the earth, were 
made. (Gen. i. 24.) The agreement of the situations 
in which the remains of land animals are found with 
this stated order of creation, is exceedingly exact ; 
since it is only at the surface, or in some superficial 
stratum, or in comparatively some lately formed de- 
position, that any of the remains of these animals are 
to be found. The creation of man was the work of 
the last period. (Gen. i. 26.) And in agreement with 
his having been created after all the other inhabitants 
of the earth, is the fact that not a single decided fossil 
relic of man has been discovered." Thus, '' a pleas- 
ing, and perhaps unexpected accordance, appears 
between the order in which, according to the Scrip- 
tural account, creation was accomplished, and the 
order in which the fossil remains of creation are found 
deposited in the superficial layers of the earth. That 
so close an agreement should be found of the order 
of creation, as stated in Scripture, with the actual 
appearance of the depth of stratification which has 
been examined in modern times, must satisfy or 
surprise every one — Moses could not have learned 
this accordance firom the Egyptians ^" 



* Organic Remains, &c. Vol. iii. p. 449, et seq. 
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Cuvier has remarked that the order which the 
Mosaic cosmogony assigns to the different epochs of 
creation, is precisely the same as that which has been 
deduced from geological considerations. '* According 
to Genesis, after the earth and the heavens had been 
formed and animated by light, the aquatic animals 
were created, then plants, then terrestrial animals, 
and last of all man. Now this is precisely what 
geology teaches us. In the deposits which have been 
first consolidated, and which consequently are the 
deepest seated, there occur no organic remains ; the 
earth, at that period, was therefore without inhabi- 
tants. In proportion as we approach the upper 
strata, we find appearing at first shells and remains 
of fishes, then remains of large reptiles, then bones of 
quadrupeds. As to the bones of the human race, 
they are met with only in alluvial deposits, in caves 
and in the fissures of rocks ; which shows that man 
made his appearance upon the earth after all the 
other classes of animals." 

The following opinion on this subject is given by 
Prof. Necker de Saussure, in his Discourse on the 
History and Progress of Geology :— '' The order of 
succession of organised beings at the surface of the 
globe," the professor says, " which in Sacred History 
corresponds with the order of their creation, and the 
comparative recentness of the human race, are indi- 
cations of a supernatural light thrown in the midst of 
the profound obscurity and absolute ignorance of the 
people of primeval times \" 

Baron de Ferussac, the learned editor of the Bulle- 



^ See Edinb. Phil. Journ. Vol. xii. p. 322. 
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tin des Sciences^ after admitting the general analogy 
subsisting between the order of creation^ as manifested 
by geology, and as stated by the sacred historian, ex- 
presses himself as follows respecting the productions 
of the fifth " day" or period : — " With regard to the 
fifth day, the order of creation therein enumerated is 
in perfect accordance with that in which the fossil 
remains of the various races of animals occur. Animal 
life was first developed in the bosom of the seas ; then 
in the air, reptiles followed, quadrupeds next, pn the 
sixth day] and lastly man \*' 

On this close correspondence subsisting between 
the order of fossil strata and the Mosaic history of 
the creation, the following judicious observation is 
made by Mr. Faber : " This remarkable coincidence 
affords, so far as I can judge, a physical demonstra- 
tion, that the order of the six days and the order 
of fossil stratification stand immediately connected 
together in the way of cause and effect. For; unless 
this be admitted, we must ascribe, not very philoso- 
phically, the uniform coincidence in question to mere 
unmeaning chance ^.'* 

A rapid view has thus been given of the funda- 
mental propositions advanced in De Luc's theory of 
the earth, in their connection with the sacred writings. 
The assemblage of undoubted facts, he observes, 
supplied by the attentive study of natural objects, is 
altogether independent of a pre-existing history, as 

' See M. de Ferussac's review of the " Defense du Christianisme," 
by M. de Frayssinous, inserted in the Edinb. New Phil. Journal, 
Vol V. p. 89. 1828. 

* Treatise of the Three Dispensations, Vol. i. p. 157. 

i2 
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well of what was the order of things in their creation, 
as of the principal events that have happened at the 
earth's surface since mankind has existed. The 
Mosaic narrative is of so peculiar a nature, that the 
circumstances which it relates could not have been 
discovered previously to our times, in which the 
scientific observations of the phenomena have fur- 
nished adequate means of comparison. In respect to 
traditional knowledge, mankind must have been igno- 
rant of what had happened in the universe and upon 
the globe, before their own existence ; and geology 
makes it evident that they existed only after all the 
classes of animals, of which they could not conse- 
quently know the history. Yet the recital of Moses 
we find is impressed with the seal of truth. Now if, 
before geology was prosecuted as a science, the sacred 
historian recorded truths which mankind could not 
of themselves discover by any other means, he could 
do so only by immediate Divine inspiration \ 

' Correspondance entre le Dr. Teller et J. A. de Luc, pp. 38, 39. 
The following sound remarks, connected with the above train of 
argument, are made by the author in his Lettres sur rHistoire de 
la Terre, &c. Vol. v. Part ii. p. 637. " Stating to mankind the 
great fact of the creation, Moses enters only into such details as 
were necessary to mark the real succession of the distinct parts of 
the sensible universe : a succession which, in as far as concerns the 
earth in particular, is actually ascertained from the inspection of the 
phenomena, with regard to every natural object the traces of which 
are not as yet obliterated. We at the same time perceive why that 
order of the process of creation, is that which is most fully detailed, 
namely, because it was the only part which had a direct interest for 
man ; and in order that by gratifying his thirst after knowledge, he 
might arrive so far by the study of the phenomena, and thus come to 
understand, that what revelation had taught him beyond, was indu- 
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'^ It would indeed, have been impossible for the 
human mind to have embraced the mysteries of crea- . 
tion ; or to have followed the history of the moving 
atoms, from their chaotic disorder into their arrange- 
ment in the visible miiverse; to have seen dead 
miatter assuming the form of life and animation, and 
light and power arising out of death and sleep. The 
ideas therefore transmitted to, or presented by Moses, 

respecting the origin of the world and of man 

though general and simple truths, were Divine truths^,** 
The geological propositions themselves will be 
found developed and established in the following 
Letters ; and their general truth has been admitted 
by the most distinguished naturalists. It was with a 
confident, yet modest anticipation of such an acknow- 
ledgment, that in his preface to his earliest geological 
work, De Luc hesitated not to express his belief that 
although some subordinate parts of that theory should 
prove to be defective, still the foundations of it would 
remain unshaken ^. 

bitably true." See likewise Letter VI . of the present work, § 52. 
For a striking and unexpected character of truth in the Book of 
Genesis, as evidenced by the progress of natural knowledge, the 
reader is referred to Letter IV. §§ 19, 20. 

* " Consolations in Travel ; or the last days of a Philosopher," 
by Sir H. Davy, late president of the Royal Society. 

' Some errors into which the author has fallen, but which are not 
considerable enough to affect the fundamental points of his theory, 
will be noticed as they occur in the work, and rectified from recent 
and more accurate observations. 
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SECTION VII. 

General Inferefices. A true Theory in Geology not 

undiscoverable. 

That a true theory of the earth is not discovend)Ie^ 
will now scarcely be asserted; — a theory, such as 
shall not only have for its aim to '^ discover the laws 
that regulate the changes on the surface, or in the 
interior of the globe ^* (to which object Prof. Playfair 
would limit every investigation in the history of the 
earth) but such as at the same time shall not set aside 
enquiries respecting a primitive constitution of our 
planet, whence those changes might follow ; nor ex- 
clude the light resulting from certain well determined 
origins. While no one was more aware than De Luc 
of *' the folly of attempting to explain the first origin 
of things," and of the necessity of trusting for a know- 
ledge of it to the only source from which man can 
derive such knowledge*; yet he was well assured 

^ " Illustrations of the Huttonian Theory." 

' " Can man apply the idea of origin to any thing besides what 
his observation shows him to exist? And can he form any idea 
with respect to the mode of first existence ? By no means ; and for 
that reason, God has revealed to him as a fact, that the heavens 

and the earth began to exist by his will Man is a finite 

being, and every thing that is infinite, is above his understanding. 
God, therefore, in his supreme wisdom, revealed to him those things 
only which he could understand as facts, his own existence, and 
that the universe proceeded from Him." This passage is extracted 
from De Luc's review of Dr. Hutton's Theory of the Earth. See 
the British Critic, for October, 1796. 
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that by '^ tracing with the necessary attention the 
characters of geological monuments, a succession is 
clearly discernible, by means of which it is possible 
to go back to some epoch, at which none of them did 
as yet exist; and to determine what was then the 
state of things upon our globe, and what are the 
causes from which its actual state has proceeded \'* 
This was the principal object which Bacon had in 
view in his physical researches, viz. the being enabled 
to ascend up to the origin of the phenomena of the 
universe ; inasmuch as the diflTerent successiom which 
he perceived there, did not allow him to imagine that 
it had always existed ^ 

The author thus drew a broad line of distinction 
between what is discoverable by an attentive study of 
the phenomena, and what manifestly exceeds the 
reach of human capacity. He observes, after pursuing 
a train of reasoning, characterised at once by novelty 
and power, (in his Precis de la Philosophic de Bacon, 
VoL ii. p. 112. et seq.) that there are different origins 
to which it is evident a cause must be assigned not 
belonging to the universe — a cause altogether distinct 
from matter, and to which we must have recourse for 

* Elementary Treatise of Geology, § 16. " If it be necessary to 
divide into distinct groupes the different kinds of strata presented 
at the earth's surface, and to ascertain their superposition, it must 
still be remembered that this is not the whole of geology. Such 
divisions are too often arbitrary : the knowledge of the superposi- 
tion of the formations is moreover one of the means only which we 
possess for arriving at the much more important knowledge of the 
origin of those formations ; of the nature and structure of the earth 
we inhabit, and of its history." Bibl. Univ. Tom. xli. p. 82. 

* Precis de la Philosophic de Bacon, Vol. ii. p. 101. 
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the formation of the universe constituted as we find 
it. These origins are as foUows : — '* 1. The formation 
of great bodies in space, already composed of the 
elements necessary to the production of all that we 
observe in them. 2. The production of light, which 
alone contains different particular origins ; and first 
that of liquidity in the great bodies, which has given 
birth to all the chymical operations of which their 
elements were susceptible ; such as the emission of 
light by the bodies called luminous, — the formation 
upon our globe of mineral strata, and their catas- 
trophes, — that of the atmosphere, with its succes- 
sive modifications ; effects absolutely necessary, I do 
not say to the production, of which we can know 
nothing, but to the preservation of the organised 
beings produced at certain epochs. 3. The origin of 
the projectile motion of the planets, and by legiti- 
mate induction, of all the great bodies. 4. That 
of the rotatory motion in such of those bodies in 
which we perceive it, and in all those which, pro- 
bably, are likewise subjected to it. 5. Lastly, as 
it appears from the whole preceding considerations, 
that gravity certainly does not belong to matter as 
a property, I do not hesitate to rank, with M. Le 
Sage, in the number of the great origins in the uni- 
verse, the motion impressed upon the specific corpus- 
cules, — upon those agents, immediate or mediate, of 
all the movements simply physical which take place 
in the universe, with the exception of the projectile 
motion of the great bodies : or more generally, (in 
order here to avoid the introduction of a particular 
system,) upon the material agent, whatsoever it may 
be, of gravity, of cohesion, of the affinities, and of 
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expansibiKty. These several origins have certainly 
a cause which does not belong to the universe ^J* 

Theories which have a rational foundation are justly 
considered by Prof. Playfair as being frequently " ap- 
proximations to the truth" '^ steps in the advance- 
ment of knowledge" and he well observes, that 

the " rise and fall of theories in times past, does not 
argue that the same will happen in the time that is to 
come.'* "Among the prejudices," he observes, *' which 
a new theory of the earth has to overcome, is an opi- 
nion held, or affected to be held, by many, that geolo- 
gical science is not yet ripe for such elevated specula- 
tions. They would, therefore, get rid of these specu- 
lations, by moving the previous question, and declaring 
that at present we ought to have no theory at alL 
We are not yet, they allege, sufficiently acquainted 
with the phenomena of geology; the subject is so 
various and extensive, that our knowledge of it must, 
for a long time, perhaps for ever, remain extremely 
imperfect." 

Respecting, however, such scepticism in geology. 
Prof. Playfair makes, in the same passage, the follow- 
ing acute and philosophical observation : — " Where 
the phenomena are few and simple, there may be 
several different theories that will explain them in a 
mannfer equally satisfactory ; and in such cases, the 
tnie and the false hypotheses are not easily distin- 
guished from one another. When, on the other hand, 
the phenomena are greatly varied, the probability is, 

^ In a passage which precedes the above observations, the atheis- 
tical hypothesis, that motion is essential to matter, is subverted, upon 
physical principles, by a new and incontrovertible argument. See 
also Letter III. § 3. et seq. 
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that among them some of those imtafUue crucis will be 
founds that exclude every hypothesis but one, and 
reduce the explanation given to the highest degree of 
certainty. Hence the number, the variety, and even 
the complication of facts, contribute ultimately to 
separate truth from falsehood ; and the same causes, 
which, in any case, render the first attempts towards 
a theory difficult, make the final success of such at- 
tempts just so much the more probable ^** 

We find a similar sentiment expressed by Bacon 
two hundred years earlier : — ^^ Let no man," says that 
great philosopher, " be alarmed at the muhitude of the 



^ This passage is quoted and commented upon in De Luc's 
•* Elementary Treatise." " We are by no mean^ of opinion," observes 
the writer of a valuable article on 6. BrocchVs Conchiologia Fossile 
subapennina (Edinb. Rev. LI. p. 157.) that the geologist ought to 
confine himself to a bare narration of facts, and that he ought to 
abstain from all theoretical speculations upon them : this is a doctrine 
that is, we think, rather too much insisted on in the present day ; 
for although the geologist cannot be too much on his guard against 
the influence of theory in his observations of nature, and ought as 
carefully to abstain from the use of theoretical terms in his descrip- 
tions, it must be admitted that theory is the ultimate object of all 
geological researches." 

The Rev. W. Conybeare, in one of the " Letters" noticed in Sect 
IV. of this Introduction, after remarking that " theory will always 
become necessary at a certain period in the progress of every science," 
for the purpose of generalizing and consolidating past observations, 
and directing the course of future researches, asserts it as his belief, 
that " the station which geology has now assumed" would ** require 
and repay this combination of theory and observation." 

Although many years must necessarily elapse before the field of 
geology shall have been thoroughly explored, still it can no longer 
be doubted that certain essential points in the science are established 
upon an immoveable foundation. 
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objects ipresented to his attention ; for it is this, on the 
contrary, which ought rather to awaken hope." And 
no one adhered more scrupulously than our author, 
to the advice with which this remark is accompanied, 
that when interrogated respecting the objects of nature, 
philosophers should enable themselves to solve every 
question by facts, as this would lead in a short time 
to the discovery of causes, and the foundations of all 
sciences ^ 

Approximations to a true Theory by De Luc. 

As an evidence how carefully De Luc abstained 
from all hazarded conjectures and all arbitrary con- 
clusions in his investigations of geological science, of 
all sciences the most comprehensive, since it embraces 
the most important branches of human knowledge, — 
how studiously he sought after, and abided by facts 
alone, reference is here made to the exposition of 
GEOLOGICAL FACTS prefixed to the first vol. of the Geo- 
logical Travels, 1810. The points to be established 
by each class of phenomena are there arranged under 
certain heads ; and the author contends, that provided 
the facts generalized under each head be certified by 
the whole assemblage of the descriptions which re- 
spectively concern them, all the conclusions thence 
deduced are incontrovertible. At the end of the third 

* "Interim particularium multitudinem nemo reformidet, quin 
potiilis hoc ipsum ad spem revocet •••••• Apud nos vero si esset 

praesto quispiam qui de facto naturae ad interrogata responderet, 
paucorum annorum esset inventio causarum et scientiarum omnium." 
Nov. Org. Aphor. cxii. vol. iv. p. 297. See Elementary Treatise, 
}18. 

9 
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vol. is a copious table of the Geological Facts de- 
scribed in the three volumes of the Travels^ arranged 
under the heads which they respectively tend to illus- 
trate ; with references to the volumes and sections. 
Likewise, at the end of the second vol. of the Travels 
in France, is annexed a similar table of the Facts 
described in them, arranged as belonging to the two 
periods of the History of the Earth, which are distin- 
guished in the Conclusion; with references to the 
volumes and sections. 

By thus adducing an ample collection of particular 
facts, De Luc has endeavoured to remove that impe- 
diment to the advancement of geological science^ 
which he believed to exist in the usual mode of exhi- 
biting such phenomena under general points of view 
only ; from which neglect, indeed, the author at the 
commencement of his geological career found all the 
prevailing systems premature and defective. In order 
therefore to collect a sufficient number of facts to give 
ground for solid conclusions, he was induced to under- 
take a course of regular observations. With that 
object constantly in view he began his excursions 
among the mountains in the neighbourhood of Geneva, 
in the year 1754, while he engaged in experiments on 
the measurement of heights by the barometer, and on 
the heat of boiling water at different levels. Through- 
out the whole course of his subsequent Travels, he 
expended much time and great labour both in study- 
ing terrestrial phenomena at various elevations and in 
different parts of our continent very remote from each 
other ; and in following the progress of physical causes 
as well general as particular. 

" It is not necessary to have made great advances 



SECT. TO.] AND ILLUSTRATIONS. 125 

in the history of the earth,** he observes, '' in order to 
discover that our globe has undergone a variety of 
changes ; but what are their nature and causes ? These 
questions afforded subjects of great interest both to 
my brother^ and myself, when we first began our 
excursions among the mountains ; and we soon found 
that all which had been published respecting them 
down to that period, were mere illusions, produced by 
the impatience of the human mind ^*' It may here be 

' The author's Lettres sur FHistoire de la Terre, &c. and his 
Recherches sur les Modifications de TAtmosphere are enriched with 
many valuable scientific observations by his brother, Mr. G. A. de 
Luc. *' I am acquainted with no naturalist," he says, '* who has 
studied volcanic phenomena with such attention as my brother, who 
for that purpose visited Mount Etna, Vesuvius, and the Lipari 
islands, and had thus occasion to witness several eruptions and ex- 
plosions of masses of lavas and ashes through the mouths of the 
craters." (Abrege de Geologic, p. 45.) Mr. G. A. de Luc like- 
wise published several Memoirs in the Journ. de Physique from 
1789 — 1804; in the Biblioth^que Britannique; and in the Mercure 
de France. 
' Introd. k la Physique terrestre, '&c. Vol. ii. § 859. 
In a work, however, published at Florence, in 1669, by Steno, 
a Danish physician, entitled, *' Prodromus de solido intra solidum 
contento," the author, after having shown in various ways that the 
shells met with in our stony strata, must formerly have existed in 
the sea, can find no other mode of explaining the phenomenon than 
by supposing, agreeably to the theory set forth in the preceding 
pages, that those strata were successively produced by the precipi- 
tation of particles separated from a liquid which once covered the 
whole globe, and contained all the ingredients of our strata, which 
were separated by chymical operations. But he assigned no cause 
for the successive change of the strata, which change, considered in 
itself, constitutes one of the greatest geological phenomena, and 
which it was oreserved for De Luc to explain. De Luc was unac- 
quainted with the work in question until after the completion of his 
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remarked, that the great distinction to which as a 
naturaUst the author has attained, is mainly to be 
ascribed to that happy union of genius and persever- 
ance, of which he was so eminent an example, and 
which is the attribute of aD those who successfully 
open new paths in the field of science. 

The close connection which subsists between each 
of the parts of the present theory — supported as they 
are by a series of facts, comprising the whole physi- 
cal history of the earth — ^together with the firequent 
unexpected verification of it by the phenomena, im- 
presses upon the whole system the character of truth ; 
and cannot fail powerfiilly to arrest the attention of 
the diligent and unprejudiced enquirer. To direct 
the student to the several works containing the detsdl 
of facts and physical principles upon which the theory 
is grounded, and which have been enumerated in the 
beginning of the Introduction, (pp. 2, 3.) is one of 
the objects which the Editor has had in view ; while 
the summary here presented may enable him to follow 
with greater facility and intefest the developments 
of the theory contained in the following Letters. It 
will then be found that the whole of the history of 
the earth is considered by De Luc as connected with 

geological labours, which corroborated several of the views of its 
author. " No trace of geology, as a science,'* says our author, " is 
found before the time of Steno, but we behold in him a striking in- 
stance of what a man of true genius can achieve for the advancement 
of the particular branch of science to which he devotes himself. Had 
this work been better known it ought to have prevented the publica- 
tion of various theories which have since appeared," For an inter- 
esting account of the Prodroraus &c. see Abrege de G^ologie, p. 2. 
et seq. Paris, 1816. 
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the four principal propositions which the observations 
assembled in his Travels will all concur to prove : — 

1. The catastrophes^ of which evident marks are 
impressed on the mass of our continents^ by the val-> 
leys among mountains, the cavities of lakes, and the 
disturbed situation of the strata in the irregular skirts 
of these continents, took place at different periods, 
while the greater part of our present land constituted 
the bed of the sea. 

2. The birth of these continents was produced by 
the subsidence of others, over which the sea flowed, 
abandoning its ancient bed. 

3. Since that great revolution on our globe, the 
level of the sea has never changed. 

4. From the known operations of causes of every 
class upon these continents since their birth, it is cer- 
tain that they cannot have existed a great many ages. 

A peculiar circumstance to which he himself ad- 
verts in his " Precis de la Philosophic de Bacon,** 
characterizes the theory of De Luc, in contradis- 
tinction to all others. Those, he says, who have 
studied the theory will have remarked that one hy- 
pothesis only is assumed, and which was stated to be 
so at the outset; viz. that the globe was at first 
composed of disunited particles, liable to subside by 
the infiltration of water. The advancement, indeed, 
of some fimdamental hjrpothesis of this kind, upon the 
framing of a geological system, is the condition which 
has been required by all those philosophers who have 
ascertained that the present state of the earth is the 
ultimate result of a succession of past states, com- 
mencing from a certain epoch. Thus, amongst other 
eminent naturalists, Pini, Dolomieu, and De Saussure, 
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have each required that those who undertake to deter- 
mine the history of those past states, should previously 
ascertain, by physical characters, the state in which the 
earth must be supposed to have been at the conmience- 
ment of the operations which have taken place ; pro- 
ceeding afterwards to indicate the physical causes which 
had effected a change in that state. When the hypo- 
thesis above adverted to is admitted, all the rest of the 
theory follows as consisting only of inferences, suc- 
cessively immediate, from well determined facts, and 
from principles generaUy acknowledged in chymistry 
and mechanics. If, then, all the principal geological 
features are thus explained, without any admixture 
of arbitrary conclusions, — and if, moreover, no feet 
or acknowledged principle can le^timately be opposed 
to such conclusions, the frmdamental hj^othesis is 
thereby satisfactorily proved. This remark, however, 
applies to causes only ; for the events themselves, such 
as they have been described, do not depend upon 
them ^ 



^ Precis de la Philosophie de Bacon, Vol. ii. pp. 330, 33L 
All the great geological phenomena, which lead us back to the 
past, such as the successive formation of the strata, their partial 
subsidences at different periods, the two principal subsidences em- 
bracing a great portion of the globe, — events attested by very intel- 
ligible monuments, — ^had their causes in the primitive constitution 
of the earth. Those causes are exhausted, and their effects have 
ceased since the last great revolution which gave birth to our co&* ' 
tinents. From that epoch there has been no further formation rf 
fresh mineral strata, the liquid of the new sea, having been divested 
of the substances which could produce them ; no further fractured 
of the strata have taken place, through which new quantities of tto 
liquid were introduced into the interior, of the globe, and ther^ 
renewed the same chymical operations ; volcanos constitute the only 



« 
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Close connection of all the Parts of De Luc^s Theory. 

The solution of the phenomenon of caverns given 
by the author may be here adduced in proof of the 
close bearing of the several parts of his system upon 
each other. The existence of such cavities in the 
interior of the globe, he observes, is an established 
point in geology. Whether the theory of elevation, 
or that of subsidence, be the true one ; whether the 
highest parts of the earth have been raised, or the 
lowest have been depressed, it is only by admitting 
the existence of caverns that we can explain the 
operations which constitute a part of either system ^ 
In the theory of subsidence, adopted by De Luc in 
his first work, their formation was a necessary result 
of successive infiltrations of the liquid into interior 
parts of the earth, and the consequent subsidence of 
the pulvicules towards the centre of the globe. At 
each catastrophe of the strata, expansible fluids with 
which the caverns were filled impregnated the liquid 

TemainiDg symptoms of any violent subterranean operation, and 

neither the bed, nor the level of the sea have sensibly changed.** 

Ibid. pp. 328, 329. 

I ^ " In the theory of elevation, our lands must be considered as 

&nning the vault of caverns produced below them ; and those 

caverns must not only have all the depth of the elevated mass, but 

fikewise the whole extent of the present continents. Now, should 

we even grant that expansible fluids had been capable of elevating 

die land, how could they have been retained by a vault of such an 

extent, fractured and dislocated in innumerable places ? They must 

necessarily have escaped, and the vault remaining without support, 

would have fallen back in fragments on the bottom from which it 

had been detached.** Ahrege de Geohgie, pp. 23, 24. 

K 
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with new ingredients, thus occasioning a change in 
the nature of the precipitations — a change proved by 
the superposition of strata successively different. 
During these precipitations the expansible fluids 
themselves changed their nature, and gradually 
formed our atmosphere. De Luc likewise shows, 
from the theory of subsidence, that while the catas- 
trophes which the strata underwent at different 
periods, demonstrate that caverns must have been 
successively formed beneath them, the important 
phenomenon that has given birth to geology, is ex- 
plained, viz. the disappearance, at the exterior, of a 
great portion of the liquid which formerly covered 
the whole globe, at a level exceeding our highest 
mountains \ At the termination of the catastrophes, 
those cavities were nearly filled up by the masses of 
strata, which, as they sank, descended to the bottom. 
The stability of our continents was thus effected, and 
such vacant spaces alone remained as occasion the 
present phenomena of volcanic eruptions and earth- 
quakes ^. For the caverns were not receptacles for 

* Letter V. § 6. 

* Letter IV. § 7. Of these phenomena a very satisfactory solu- 
tion, in immediate connection with the leading features of the system, 
will be found in Letter IV. of this collection. See also Joum. de 
Physique, tom. xxxviii. p. 274; tom. xl. p. 451; xli. (part ii.) 
p. 227 ; and xlii. p. 235, (1793.) " There is," says M. de la 
Metherie, " a very considerable number of volcanos which are 
at this day extinct. Large caverns must necessarily exist beneath 
the spots where they were once in activity." Journ. de Physique. 
The great earthquake at Lisbon, in the year 1755, which was 
felt at the same time in several countries of Europe, proves the 
existence, in that part of our hemisphere, of very deep and ex- 
tensive caverns. Journ. de Physique, tom. xli. (part ii.) p. 3Ji9. 

9* 
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the liquid, but served as avenues for its further infil- 
tration into the porous mass of the globe ^ 

To discover any one particular cause of the disap- 
pearance of the liquid at the exterior, remarks our 
author in his xxxth Letter to M. de la Metherie, is 
of no avail towards serving as a foundation of a 
theory of the earth ; all other geological monuments 
connect themselves with this fact, and require that its 
cause should explain them also. Accordingly the 
discovery of such a cause can result only from a long 
study, of all the principal geological phenomena, and 
all the laws of terrestrial physics. But the time, 
the labours, and the perseverance required by this 
study, are amply compensated by the light which the 
different phenomena reflect one upon another, — a real 
light which alone can lead to a geological system of 
which the bases are found in nature *• 



SECTION VITI. 

Moral importance of Geology. 

At the conclusion of the sixth Letter occurs a 
brief recapitulation of the motives that induced De 
Luc to apply himself to geological researches. It is 
evident that no subject is calculated to awaken a more 
general interest than that which connects itself with 
the history of our planet, since the consideration of 
physical events which relate to the globe inhabited by 
man, necessarily involves the consideration of the 
history of man himself, and may serve to confirm what 

^ Journ. de Physique, torn. xlii. p. 235, (1793.) 
' Journ. de Physique, ibid. p. 234. 
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a venerable tradition has from the earliest times 
established among mankind, and what it most con- 
cerned them to know, viz. their origin, their duties, 
and their destination. Hence the study of the monu- 
ments of the revolutions which the earth has under- 
gone, together with their causes, assumes a great moral 
importance ^ 

Investigations into the physical history of the globe 
having naturally called back men's attention to that 
history, as it is contained in Genesis, and also to that 
of the human race, with which it is connected, it was 
soon inferred, that, if geology were contrary to Gene- 
sis, the latter must be fabulous. *' This is a consi- 
deration," says the author, '' ^hich I offer to those, 
whose profession it is to teach and defend revealed re- 
ligion. The weapons by which it has been attacked 
have been changed, and our modes of defence must 
be adapted to the arms of its assailants. They now 
attack it through geology ; which therefore becomes 
a science as essential to theologians, as the study of 
learned languages, or of those ancient arguments, 
which are already much neglected in the present 
times, and which must henceforth derive their chief 
support from the very science, through the medium 
of which, under the pretence of an appeal to facts, it 
is attempted to set them aside *." 

Although the first geological systems contrary to 
revelation have fallen to the ground, in consequence 
of the increase of knowledge, the premature attempts 
of those who have written in its defence, have likewise 
produced various chimerical theories. " The adver- 

* Letter VI. § 51. ' Elementary Treatise, 5 6. 



SECT. VIII.] AND ILLUSTRATIONS. 133 

saries of Genesis," remarks De Luc, " by overthrow- 
ing those groundless systems, imagined that they 
triumphed over Genesis itself. While geology, there- 
fore, was in its infancy, philosophers should have con- 
tented themselves with pointing out the errors of the 
anti-mosaical systems, for which the state of the phy- 
sical sciences was sufficiently advanced to have readily 
furnished them with the means : and they should not 
have hazarded theories, before they had taken every 
requisite precaution to fix them upon an immoveable 
foundation ^" 

^ Ibid. § 9. Mr. Lyell asserts that De Luc ** imputes the failure of 
former geological systems to their having been anti-mosaical," p. 68. 
It is obvious that in the passage to which he adverts (Elementary 
Treatise, § 8.) Mr. L. has misapprehended the meaning of our author, 
who simply states that the geological systems which had been pub- 
lished contrary to Genesis, had ^^ fallen in consequence of tJte increctse 
of knowledge" and reproves the levity and imprudence of such at-* 
tacks on that, which a sublime tradition had established among men. 
Be Luc more particularly alludes to the writings of certain foreign 
naturalists, such as the German work entitled, Die Geognosie nach 
chemischen Grundsatzen, by Dr. Charles Schmieder, member of 
the Society of Halle. The general principles and cosmological sys- 
tem of that author are investigated and combated by De Luc in his 
Abrege de Principes et de Faits concemans la Cosmologie et la 
Geologic. (1803.) Another publication, by Prof. Pott, of Helm- 
stedt, called forth the animadversions of our author. " When the 
professor," he observes, " wrote a work entitled * Moses ,.,. no GeO' 
%w^* he uttered, without perceiving it, a great truth ; for if Moses 
unfolded, before geology existed as a science, truths which men 
were unable of themselves to discover by any other means, he could 
do so only by divine inspiration." Mr. Lyell will thus find, con- 
trary to the opinion he expresses, that there are writers who have 
openly or covertly, " been guilty of endeavouring by arguments 
drawn from physics, to invalidate scriptural truths." p. 68. — " Vol- 
taire, d'Alembert, Diderot, &c." observes De Luc, in a letter written 

7 
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The venerable author further states that he has 
devoted fifty years of his Ufe to these mvestigations ^ ; 
and he makes the pious and affecting acknowledg- 
ment, that in consequence of the conviction which 
they produced in him of the truth of revelation, he 
" found the reward of his labours in an inward satis- 
faction, which the vicissitudes of his life, although not 
inconsiderable, have never been able to destroy." 

Anxious, from the deep impression which he iver 
entertained of the importance of the subject, to excite 
a more general desire after geological enquiries, the 
author, in his preface to his Travels in the north of 
Europe, makes, with that view, some valuable obser- 
vations, the substance of which will furnish an ap- 
propriate conclusion to the present introductory re- 
marks : — 

" The histoiy of our globe, like every other which 
relates to past time, can be traced back only by 
monuments. It is thus that the histories of nations 
have been compiled ; but of those the most ancient 

to Mr. Emery, the editor of the French edition of the present work, 
'* addressing the imagination and the feelings, were especially calcu- 
lated to mislead the unthinking ; but minds capable of any reflection, 
and of maintaining principles of their own, would have escaped their 
influence had not Buflbn, Maillet, le Cat, and other natural philoso- 
phers of their class, appeared to assure the world that every thing 
in nature was opposed to the Mosaic history, the base on which 
revelation is founded." Mr. Babbaoe, Lucasian Professor of Ma- 
thematics, in the University of Cambridge, adverts in like manner 
to the ** geological speculations which have been adduced as incon- 
sistent with the Mosaic history." Reflections on the Dedine of 
Science in England, p. 137. 

^ Letter VI. § 51. With a persevering activity seldom witnessed 
at such an advanced age, De Luc carried on his geological researches 
for upwards of fifteen years after the date of that letter. 
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monuments have been successively effaced or dis- 
figured by a thousand various events and interests ; 
and^ for the most part, nothing remains in that re- 
spect but traditions, obscure, imperfect, and often 
fabulous : hence have arisen so many contradictions 
in the early annals of the same nations ; and from 
these has originated historic doubt. The case is not 
the same with the history of the earth ; the monu- 
ments of this are of too great magnitude to have been 
essentially changed by mankind, and the surface of the 
globe is covered with them : they remain, and may 
still lead to truth The question to be de- 
cided is no less than this : whether geological monu- 
ments authorize us to discard, as so many authors 
have done, either explicitly or implicitly, the only 
written history of the earth, and of mankind, which 
now exists ; a history more ancient than any other 
authentic writing, the origin of all religions, and the 
first, the positive, the only foundation of our own. 
When the study of the earth shall have become more 
general, there will be much greater difficulty than at 
present, in circulating errors respecting the only basis 
of the repose and happiness of mankind ^" 



* The following observations of an eminent geologist of the con- 
^nt, M. de Ferussac, will be perused with satisfaction : — ** If 
every thing around us did not testify that knowledge is at all times 
loan's safest guide, geology, which after having in its infancy sup- 
plied arms against the sacred writings, serves at this day to uphold 
tbe Mosaic cosmogony — would furnish a memorable instance of that 

great truth Where, in our times, shall we find the geologist, 

^fao, while admir ing the great genius of Voltaire, could forbear 
fflniliiig with pity at his elaborate attacks on the Book of Genesis V* 
Bulletin des Sdences Naturelles, tom. x. pp. 194, 195. (1827.) 



136 INTRODUCTORY REMARKS [sect. vm. 



Means of facilitating the Study of Geology^ indicated by 

De Luc. 

The editor is here desirous of directing the reader's 
attention to the following interesting remarks on the 
mode in which the study of geology may be most suc- 
cessfiilly conducted. They are introduced by De 
Luc in Vol. iii. of his Geol. Travels, p. 505. et seq. 
'* When geological researches were first undertaken, 
which was not till a very late period, it appeared to 
be necessary, for the purpose of rightly understanding 
the events which had taken place on the earth, to 
seek for monuments of those events in very distant 
regions ; in the chains of the highest mountains, on 
the courses of the largest rivers, and in the celebrated 
deltas formed at the mouths of the latter. Such great 
features of our continents ought undoubtedly to be 
studied, as belonging to one of the classes of monu- 
ments of the history of the earth ; but when attention 
is wholly confined to these, as if all the knowledge 
necessary to geology could hence be acquired, the 
consequence is, not only that the number of those 
who can engage in this study by immediate obser- 
vation must be very limited, but that those who do 
enter into it, being thus restricted to so small a por- 
tion of the facts, and of the connections subsisting 
between the different classes of phenomena, are in- 
evitably divided among themlselves with respect to the 
systems formed on the succession of effects, and on 
their causes : and that consequently, although, since 
the time these studies have begun to produce systems 
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on the History of the Earth, they have become of 
great importance to all mankind^ yet the generality of 
men, who consider the subject as above their capacity, 
feel little interest in it ; and if they take any part in 
such controversies, it is only by chance that they are 
guided. 

^ Such is the state of things which I have witnessed 
ever since I have myself been occupied with geological 
opinions ; and I have also seen the efiect produced in 
the world by these opinions; but, in studying the 
phenomena by which they ought to be determined, 
and which I have followed in all their various branches, 
from the highest mountains, down to countries of 
hills and plains ; from the courses of large rivers, to 
those of brooks and rivulets; from the new lands 
added to the continents near the mouths of rivers, to 
those which have filled up bays, gulphs, and even the 
smallest creeks ; lastly, from the highest cliffs, to the 
coasts which slope down insensibly to the sea ; I have 
clearly found the History of the Earth to be traced in 
the same manner, only with characters differing in 
magnitude, in all parts of the surface and of the coasts 
of the continents ; and thus to be really within the 
reach of every person who will attentively pursue the 
study of its monuments. 

'* On this account, I was induced, in the latest of 
my travels in countries of the most common character, 
to extend my notes to a greater number of objects, 
with all the details belonging to them, in order to give 
examples of the multipUcity of important phenomena 
which every man may observe around his own habi- 
tation, or in his accidental journeys ; and these I have 

published the first, with a hope that they may excite 

L 
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a taste for such studies^ in themselves very amusing, 
and may thus every where increase the number of 
observers. 

*' It is almost indifferent what places of observation 
are chosen, for the purpose of at least forming a clear 
idea of studies of this kind ; for in all countries inter- 
spersed with eminences and low spaces, the pheno- 
mena are the same as among mountains, only on a 
smaller scale ; and with regard to the coasts, if at- 
tention be paid to the. actions of natural causes on 
them, there are few of any extent, where examples of 
the real operations of the waters of the sea and land 
may not be found." — *' Respecting geological obser- 
vations, I can truly say from long experience, that no 
study can be more agreeable ; for they beguile the 
weariness of journeys, and even of common walks, 
affording inexhaustible objects of attention and re- 
flection." GeoL Travels, Vol. i. § 123. 
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LETTER I. 

On the phenomena characterizing the causes that Iiave 
formerly operated upon the Terrestrial Globe; and 
particularly on those which Jix the date of the origin 
of our Continents. 



Windsor, September 1, 1792. 

Sir, 

I HAVE not forgotten, that when I had the pleasure 
of seeing you here, I engaged to furnish you in writing 
with the substance of our conversations on Geology ; 
the performance of which promise want of time alone 
had caused me to djsfer. 

You had read in the *' Journal de Physique," the 
Letters I have addressed to the editor, M. de la 
Metherie, on this subject, so closely connected with 
your studies : and as we soon found that we agreed 
on many points, it was very easy for us to embrace 
at once a variety of general views ; by which means 
the different parts of my theory being brought more 
closely together, you more readily understood the 
connections and proofs. It then occurred to you 
that I ought to publish an abstract of this theory, 

B 
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beginnings as was the case in our conversations^ with 
the principal phenomena which determine the task 
of the geologist, as well as the point from which he 
ought to start, in order that he may remain within 
the bounds of known causes ; limiting myself after- 
wards to extracts from those parts of my theory, the 
proofs of which are established in my works : — this, 
you observed, to naturalists acquainted with them, 
would be suflScient : in others it might serve to excite 
the desire of employing their attention on this im- 
portant subject. 

1. Geology is principally distinguished from Natural 
History, inasmuch as the latter is limited to the 
description and classification of the phenomena pre- 
sented by our globe in the three kingdoms of nature, 
whilst it is the business of the former to connect 
those phenomena with their causes. Geology em- 
braces, therefore, the whole extent of what we can 
acquire of natural knowledge, since our observations 
on the earth constitute the only true sources of all 
that knowledge. Astronomers, for example, could 
have taught us nothing concerning the causes which 
operate in nature, merely by determining, as Kepler 
did, the laws by which large bodies move through 
space : for if the cause of the fall of bodies on our 
globe had not conducted Newton to his theory of 
gravitation, we still should have been ignorant of the 
great laws of motion, the influence of which in nature ^ 
is so general. Herschel, by his extraordinary skill in 
observation, has doubtless made great discoveries 
respecting the resemblances of other planets to the 
earth ; no knowledge, however, could be drawn from 
thence of their past states, had not our studies on the 

9 
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earth given rise to natural history, chymistry, staticks, 
and thereby revealed the great ouUines of the history 
of our globe, which, by analogy, may be transferred 
to them. In vain, above all, would light have given 
us knowledge that an universe exists ; this great 
assemblage of bodies would have been mute to us, as 
to its causes, had not the progress of observations 
and experiments upon our globe, discovered to us, in 
light itself, a substance capable of various combina- 
tions with other substances; and one without which 
all the other causes of the chjnnical affinities, those 
causes which, in the greatest part of the operations 
on these globes, have the most considerable in- 
fluence, would be totally without effect. Such then 
is that geology, which is not merely nominal ; it con- 
sists, as I have said, in the knowledge of the causes 
which have acted, and still act upon this earth ; and 
thus it is that geology embraces all the knowledge we 
can gain of nature ; as, on the other hand, there can 
be no real knowledge respecting nature, — in as far at 
least as depends upon mere human researches, — 
without an attentive study of all the terrestrial pheno- 
mena. 

2. Why has the earth any mountains? — Such is 
the question from which I shall here set out, as, in 
my own private researches, which have never been 
mtermitted, I set out from it forty years ago ; and, 
before I can resolve this question, I shall have run 
through the whole field of natural knowledge, as far 
as I am master of it. 

3. Why are there pyramids in Egypt ? — This is a 
question which the antiquary puts to himself with 
some hope of finding the solution, because he sees 

b2 



4 LETTER!. 

some data to set out from : now the whole course 
which he pursues respecting these edifices, marks out 
that of the geologist on the subject of our mountains, 
and of our continents, the bases that support them. 

4. The entire mass of our continents is composed 
of strata, similar in this respect to the regular courses 
of stones in our buildings. A succession of strata 
indicates a succession of time for their formation ; 
and the change from one species of stratum, to 
another species placed upon it, indicates a change of 
cause. Thus is the mass of our continents the pro- 
duct of successive operations, during which the pro- 
ducing causes have undergone successive changes. 

5. We see, moreover, that many of these strata 
contain the remains of animals ; and that in some 
successive strata these organized bodies are of different 
species. By this we judge that some considerable 
length of time was necessary for the formation of 
these strata, both on account of the succession of 
individuals of the same species of animals in some of 
them, and also on account of the change of species, 
in the same places where the former are buried* 

6. By much the greater part of the organized 
bodies found in our strata consists of the remains of 
marine animals, and some of these are even found in 
all the classes of strata, which contain other kinds of 
bodies not belonging to the mineral kingdom; so 
that all these strata have been formed beneath the 
waters of the sea. Nevertheless, these other bodies 
are remains of terrestrial animals and vegetables*; 
Whence proceeds ' this mixture of terrestrial and 
marine bodies ? Here is another characteristic of the 
causes which have operated ^within this period. 
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7. It is in the mountains, those pyramids which 
rise upon our plains, that we see more clearly the 
succession of the strata ; and there we discover that 
those which contain organized hodies, cover others 
which must have lain originally very deep, and which 
contain no vestige of these bodies. There was then 
a time when, according to all appearance, our globe 
did not contain any of the organic remains at present 
known ; and it was in that time that these first strata 
were formed, which are chiefly observable towards 
the centre of the great chains of mountains, and to 
which our observation with respect to times past is 
limited. It was not till after the formation of these 
strata that any organized bodies existed on the land 
and in the sea ; and their succession in our strata 
points out to us thus, a certain succession of perioda 
in their own history, connected with that of the 
formation of these strata. 

8. When we go back to times past, by the assist- 
ance of what may hre discovered in the edifices raised 
by men, we employ ourselves chiefly in attending to 
their structure ; as to the materials, we know their 
general origin ; — that they have been taken firom some 
of our strata. The case is not the same with the 
great edifice of our continents ; for we should be very 
backward in our knowledge of geology, if we were 
unable to discover whence originate the materials of 
which those strata have been composed ; and at this 
knowledge we cannot hope to arrivcy without having 
first collected all the circumstances which relate to 
them. Of these, the following is one of great 
importance. 

9. It is by considering the quantity of marine bodies 



6 LETTER L 

contained in our strata^ beginning from the snr&ce^ 
and proceeding to a very great depths and by observ- 
ing the inferior substances^ or which must have been 
so formerly, disposed also in strata^ that we have con- 
cluded all these strata to have been formed within the 
sea. They ought not then to have any other inflexions 
than those which may be supposed to belong to a base 
on which deposits accumulate, preserving always their 
continuity and their parallelism. But all these strata 
are broken ; great masses of them are evidently want- 
ing in some places where formerly they must have 
been, and those which remain are visibly overthrown 
in a very considerable degree. It is, indeed, by this 
disorder only, that we are made acquainted with their 
various classes ; for if they had not suffered fractures 
and displacements, as we could not then have seen 
directly any, except those by which the rest are 
covered ; and as our means of penetrating the surface 
are very limited, we could have known them only to a 
very inconsiderable depth. 

10. Here, then, appears the reason why, to the 
geologist, mountains become the first object of atten- 
tion ; it is because by means of these we learn what 
are the strata, even to a vepy great depth, which the 
loose soil of our plains envelopes. We see, in differ- 
ent parts of these eminences, the vertical sections of 
immense) piles of strata, on the summit of which we 
find some which, in other very low situations, are 
again found at the surface of the soil. These sections 
are observable in all parts of the mountains ; when 
viewing them on the outer side, we ask ourselves what 
is become of the remains of the great mass of strata, 
of which they have only been portions ; and interiorly. 
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on looking at these sections on the opposite sides of 
large valleys, we ask ourselves, also, what is become of 
that portion of the strata which otherwise must have 
occupied the . interval ? In other places, the same 
strata which we had observed towards the upper part 
of certain vertical sections, form the external face of 
mountains, where they present themselves in a very 
inclined position. Their section is found on the sum- 
mit of the mountain, where we see them resting one 
against the other ; frequently they are thus divided 
into several ranges of eminences, the breadth of which 
indicates the thickness of the strata thus overthrown. 
In this very singular arrangement, the strata of differ- 
ent kinds, which in other places are seen one upon 
another, are found in distinct ranges of eminences, 
formed of ihose different substances, succeeding each 
other, with the sections of the strata at their summit ; 
these strata, before piled one upon another, having 
been overthrown, after having been fractured through 
their whole thickness ; those which were the upper- 
most, having sUpped down on the outside. In the 
great chains of mountains, the strata, which originally 
were the lowest, approach the nearest to the centre 
of the different ranks, and their sections form the 
highest summits. There we observe, on each side of 
the chain, strata which contain organized bodies, lean- 
ing in several ranks against other strata of various 
classes, which have no such contents. That class of 
the strata which should be the lowest, as having been 
formed the first, (that is, the granite) predominates 
in the central hue of the chain, where it presents only 
vast ruins, in the different masses of which the strata 
are found in every degree of inclination, but princi-> 
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pally in a situation almost vertical exhibiting the 
inost uregular fractures. 

11. Thus instructed on the nature of the strata in 
the mountains, and returning then to the hills and to 
the plains, the geologist there remarks a disorder 
which had not before struck him; the features are 
there of less magnitude than in the mountains, they 
are more veiled by new strata, which are spread over 
the ruins of the former, but they are still of the same 
kind. The strata of all classes are there found broken, 
overturned, disordered ; so that the monuments of the 
causes by which the materials composing the mass of 
our continents were produced, are every where inter- 
mingled with symptoms of the causes by which their 
first arrangement was destroyed. Our continents, in 
a word, have been built up stratum by stratum at the 
bottom pf the sea ; then reduced to ruins ; and, to 
complete the grandeur of the phenomenon, these ruins 
now stand above the level of the sea. 

12. Such is the chaos which the geologist is called 
upon to explain, in the midst of which he must pro- 
ceed, as the antiquary would among the ruins of 
Palmyra. It is by availing himself of the knowledge 
he has of architecture, and of the variations which, at 
different periods, it has undergone, that the antiquary 
determines times, and assigns causes, in their refer- 
ence to the monuments of human industry. The 
geologist, in like manner, must study the general 
means employed by nature in her operations, together 
with the circumstances which have produced changes 
in them, that he may be enabled to distinguish the 
causes denoting certain periods, in those monuments 
of the great succession of natural events which our 
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globe presents to his observation. Here/moreover, 
it is necessary that he should have recourse to the 
general collection of facts carefully observed, and of 
laws certainly discovered in the study of nature ; that 
is, to all that is most certain in natural history, and 
phjrsical science. 

13, Time was one of the indefinite agents to which 
geologists were used to assign the emersion of our 
continents ; by means of that, they thought they 
could make up for the feebleness or the indetermi- 
nate nature of the operating causes, without, how- 
ever, pointing out, in any case, a single determinate 
effect produced within a given space of time. The 
only means of reducing to order the chaos of geolo- 
gical monuments, was to seek some great epoch in 
their succession ; and since the most striking of these 
phenomena, that which indeed gave birth to geology, 
is, that our continents, at present above the level of 
the sea, were unquestionably once beneath its waters, 
it was necessary at the first to examine, whether we 
could not discover some indication of the time which 
has elapsed, since it has ceased to cover them. This 
is the essential point which I have determined in my 
*' Lettres sur VHistoire de la Terre et de rHomme.** 
You, Sir, know that I have demonstrated, from phe- 
nomena of different classes, perfectly clear and defi- 
nite, that our continents are of very little antiquity ; 
which truth has also been acknowledged by two 
celebrated geologists, M. M. de Saussure and 
DoLOMiEU, whose observations, no less precise than 
numerous, have so much enriched the science of 
g;eology; and to whom we are also indebted for 
throwing great light on the other monuments of our 



10 LETTER L 

globe^ and their causes. I might, therefore, here 
assume, as an acknowledged truth, that our conti- 
nents are of a date of very small antiquity, which at 
one blow overturns all the systems of geology, in 
which slow causes, acting for a succession of innu- 
merable ages, were employed to explain their forma- 
tion ; but, as some of the phenomena which de- 
monstrate the error of these systems, serve at the 
same time as steps by which we can trace back the 
causes that are past, I shall select two out of this 
class, to which I shall devote the remainder of this 
Letter. 

14. It is remarkable that the phenomena, of which 
I am about to speak, are the very same on which the 
greatest stress had been laid in assigning to our con- 
tinents an immense antiquity, which circumstance 
will give me occasion to point out in what manner 
observations were formerly made, and on what found- 
ations systems were constructed. The first of the 
phenomena, of which I shall speak, is that of the 
bones of southern animals, which are found buried in 
our countries. Here, in truth, if we must suppose 
that the animals^ to which these bones belonged, 
lived on these very parts of our continents, such as 
they now are, it is hardly possible to assign any limit 
to the time that must have elapsed between that 
period and the present. For it is owing to a want of 
sufficient heat in our climates, that these animals 
cannot subsist in them ; in proceeding, therefore, 
from the state of actual causes, among which we caa 
discern nothing indicating a tendency to any change 
of heat in these climates, the time necessary to pro-^ 
duce this change would be as indeterminately im-^ 
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xnense^ as is the distance of the fixed stars^ for want 
of parallax. Consequently^ as M. Bailly has already 
observed, when we consider that in Siberia has been 
found a carcase of a rhinoceros, which had still a 
part of its skin entire, with the hair upon it, this 
mode of contemplating the phenomenon becomes 
absurd ; but it is because it has been badly described 
that this error has arisen, into which M. Buffon, 
among others, has fallen ; to prove which, I will pro- 
duce a precise example. 

15. You have seen. Sir, in my possession, two 
teeth of a hippopotamus, part of the skull of an ox, 
fragments of the tusks of an elephant, and other 
bones of the same animal, found by Mr. Trimmer at 
Brentford, six miles from London. What an associa- 
tion of animals in an island of the northern sea ! But 
let us consider in what situation these bones are 
found, not only in the spot we now speak of, but also 
in other places. They are in a stratum of sand, 
which extends, at different levels, throughout a great 
part of the island, in the south and in the east, and 
always upon strata of one certain species of bluish 
clay. These two classes of strata are broken, inclined, 
divided, like the strata of coal, and the other indurated 
strata. In various parts of the island, and particularly 
in the vicinity of that where the bones above men- 
tioned were discovered, this stratum of sand abounds 
mth marine bodies; the stratum of clay below it 
always contains them, and above this sand are various 
other strata, more particularly of gravel : the bones 
in question were found under these strata, at the 
, depth of from 16 to 18 feet. In digging for the clay, 
m ^hich is used in making tiles and common pottery. 
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similar specimens of bones have been fomid in various 
parts of the island. 

16. This particular description includes the cir- 
cumstances common to all the osseous remains dis- 
covered in the soil of our lands. I do not here speak 
of the bones which are found in caverns, covered with 
stalactite; that is a different phenomenon, which I 
have explained in my fourteenth Letter to the 
'* Journal de Physique ^ :" I speak only of bones, such 
as I have now mentioned, which are discovered in 
loose strata, forming the surface of the soil. In all 
countries where these have been found (at least as 
far as I am informed, and my knowledge on this sub- 
ject includes not only England, but Italy and West- 
phalia) the same loose strata which contain these 
remains of terrestrial animals, include also bones of 
fish, and marine shells, either in the same places, or 
in some other part of their extent \ 

17. We are not called upon in the first instance 
from those facts, to explain the presence of these 
southern animals in our countries, or to enquire how, 
and in what spaqe of time, our climate has changed ; 
for that would be to disregard the leading character 
of the phenomenon ; but, we are called upon to en- 
quire how, and since what time, the sea has quitted 
our continents ; for it is only by ascertaining the 
cause of that revolution, that any clue could be 
obtained to the cause of the changes of climate. 

1 Tom. xxxviii. p. 271— 288. 1791. 

^ In the author's Lettres sur THistoire de la Terre, &c. Vol. v. 
p. 333 — 340. he makes mention of some casts of bivalves which he 
found in a sand intermixed with concretions, near DeUden, in Over 
Issel, together with sharks' teeth, and the vertebrae of a whale. — ^Ed. 
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I speak of a change of this latter kind^ because it 
must be indispensably admitted^ if it be true that only 
a very inconsiderable time has elapsed since the ele- 
phant and the rhinoceros lived in these parts of the 
globe, where we find the carcases of their species : 
now these very carcases themselves, as well as the 
marine bodies which are found in the same strata, 
supply a striking proof of the small distance of that 
epoch. All these remains of animals are in loose 
strata, of different kinds, continually pervaded by the 
rain-waters, in which they are also perishing. The 
elephant's tusk, the fragments of which you saw in 
my possession, was nine feet in length ; it was dis- 
covered whole, before any attempt was made to raise 
it; but, in doing that, it fell to pieces, having no 
more consistence than chalk. You know likewise 
that which is in the cabinet of M. Andre, at 
Hanover, taken out also in pieces from land traversed 
by the Weser ; and the many other phenomena con- 
nected with the gradual decay of terrestrial and 
marine bodies, buried together in our loose superficial 
strata. Nevertheless, these bodies are not yet de- 
stroyed, and they are even found in a degree of pre- 
servation which absolutely excludes every idea of a 
very great antiquity ; for, in Russia, they have found 
a great many tusks of elephants, so well preserved, 
that they were capable of being used as ivory. We 
thus perceive that the preservation of these carcases 
is more perfect in those regions, where, according to 
the hypothesis of BuflFon, their decomposition ought 
to have commenced, namely in the north ; and we 
find the cause of that more complete preservation in 
the length of the frosts, during which no waters can 
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pervade the soil. It was thus^ for instance^ that the 
carcase of the rhinoceros found in Siberia by M. 
Pallas was preserved, which still retained a part of 
its skin with the hair. With regard to the marine 
bodies which^ at the same period were deposited in 
the same strata, their preservation, in many spots, is 
such, that I have found in those loose strata upon 
hills, oysters which had the ligament of the hinge 
still soft, and other shells so well preserved, even in 
their colour, that they might have been supposed to 
be recently taken from the sea, though some were of 
a species no longer found but in the Indian seas K 

18. We do not perceive in these loose strata any 
sign of violent agitation in the water that produced 
them: they have been formed, like all the other 
strata, by deposits made at the bottom of a tranquil 
liquid, and all the extraneous bodies which they con- 
tain were there enclosed, when, by other causes, they 
were broken and displaced. Thus we see then, with- 
out any doubt, that these remains of exotic animals, 
whether terrestrial or marine, were buried by the 
waters of the ocean, in the very places where they 

^ The shells which had retained their gloss and natural colour, 
were met with in Piedmont. Among others, the oyster, the hinge 
ligament of which became soft when immersed in water, was found 
by De Luc in Val Andoua, near Asti. He also met with a large 
chama filled with sand, in which were several small shells of the 
same kind, but containing no sand, probably because they had closed 
at the moment of this sudden catastrophe ; and within these last he 
found the animal still in a soft state. In another sand-hill, some of 
the beds of which were hard and laminated, he found between the 
laminae leaves of different trees, such as oak, alder, and willow, 
which had contracted only a brown tint ; and they were intermixed 
with sea-shells. — Ed. 



LETTER L 15 

are found ; and that the retreat of the sea must have 
taken place at. a time very little anterior to the periods 
which we trace back by the monuments of human 
art. For these monuments of past natural causes 
would no longer subsist, if our continents were of 
extreme antiquity. It cannot, then, be doubted 
that the sea covered our present countries when the 
elephant and rhinoceros occupied portions of land, 
doubtless islands^; and that, since that period, no 
great number of ages has elapsed ; all which is per- 
fectly independent of any explanation of the manner 
in which these things happened, being only an imme- 
diate deduction from the facts. 

19. It is by adding observation to observation, and 
keeping to their immediate consequences, not by 
raising one hypothesis upon another in endless suc- 
cession, that men acquire knowledge. Before our 
hiUs and plains had been studied carefully, before the 
quantity of marine bodies they contain, the manner 
in which these are formed, their degree of preserva- 
tion, had been attentively considered ; before the 
characteristic marks had thus been ascertained of a 
previous formation of these beds upon continuous 
bases, and of their subsequent fractures and dislo- 
cations, several geologists attributed our superficial 
strata to rain-waters, as having ravaged the surface of 
our continents for a succession of innumerable ages. 

^ It has been observed in the introduction, that islands alone 
seem insufficient to account for the universality of the phenomenon 
of the fossil bones, and that the quadrupeds must have inhabited a 
vast continent which formerly existed in these regions of the globe 
See Introduction, Sect. II* (note) " Although interchanges of land," 
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It may be perceived already, that this hypothesis i$ 
totally contradicted, by the immense quantity of 
marine bodies contained in these strata. But let us 
pursue the investigation. 

20. Agreeably to such an hypothesis, there should 
have been eminences from which these quantities of 
sand, gravel, and other loose materials might have 
proceeded ; but they cover vast regions, where no 
trace of eminences exists. Here then began the 
apparent resource of all these systems ; it was sup- 
posed, that by length of time these eminences had 
been levelled, and the whole of their fragments 
decomposed, and converted into sand. To support 
this opinion, examples were brought of great exca- 
vations observed in moimtains, which were attributed 
to running waters, it being supposed that their frag- 
ments found in the plains have been carried there by 
those waters, and gradually reduced to sand. Then, 
indeed, it was impossible to be sparing of time ; but 
those geologists thought they might bestow it without 
bounds, as the past is inexhaustible : let us, however, 
see whether it be allowable to substitute time for 
causes ; and in the first place, let us examine whether 
the materials which we perceive thus missing in the 
mountains, have really been spread over the plains. 

21. If it be the rain-waters which have hollowed 
out the valleys between the mountains, and left those 
ruins which we observe towards their summits ; and 
if the same waters have carried oflF, and transported 
to a distance, that immense quantity of materials, the 
removal of which had formed the valleys; they ought, 
in their course, to have filled up every cavity, and thus 
to have levelled all the land within their range. Why 
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then do those lakes exist which are found at the out* 
lets of many valleys belonging to the great chains of 
mountains ? Running waters may indeed form chan- 
nels for themselves, and in time widen them; but 
they cannot scoop out basins; for their mechanical 
action ceases the moment that their course is slack- 
ened, by their spreading over a wider space ; and 
where they find a free passage, they flow again. The 
streams, then, did not excavate the basins of the 
lakes ; they found them originally in their course ; 
they, in the first instance, filled them with water, and 
there also they must of necessity have deposited 
whatever in their rapid passage they had borne away 
from the interior of the mountains. But these basins 
found in the course of so many rivers, and the dimen- 
sions of which, compared with the vast excavations 
observed in the interior parts of the mountains, may 
be considered as extremely small, are not yet filled 
up. Here then is a peremptory proof, that neither 
any of the fragments of the stony strata with which 
the plains and small hills are sprinkled, even to a 
great distance fr*om the mountains, nor any part of 
the sands, which are formed over them to a consider- 
able depth, have been carried off from the mountains ^ ; 

^ In a note to the editor on this passage, Mr. J. A. De Luc re* 
marks, that although the rain waters have not brought down the 
fragments of the stony strata, they have nevertheless been carried 
off from the interior of the mountains, but through the intervention 
of a much more powerful cause. He has particularly in view the 
plains of Switzerland, between the Alps and the Jura, which are co- 
vered with the debris of the Alps, notwithstanding ** the deep and 
tortuous channels" through which, if we suppose that circumstances 
were then the same as they are at the present day, they must neces- 
sarily have been propelled. M. Leopold Von Buck, in his Memoir 
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since nothing could pass beyond the lakes till they 
were first filled up and levelled. And, on the other 

on the dispersion of the great Alpine stones, observes, that the phe- 
nomenon of the Alpine blocks is common to the valleys of the two 
sides of the Alps, and takes occasion to adduce several instances of 
primary blocks fomid at the outlets of the valleys of the lake of 
Como, of the lake of Lugano, that of Lecco which forms the eastern 
branch of the lake of Como, that of Olginate, that of Iseo which 
terminates the wide and long valley of Camonica. The great cur- 
rents which have issued from the valleys of the Alps, and which have 
disseminated the blocks over the mountains and the plains, have not 
been confined to a portion only of the Alps, but are common to the 
whole chain on both sides ; and the direction of those currents is 
always that of the valley which takes its origin in the glaciers in the 
primitive interior chain. For if the valleys take their origin in the 
calcareous mountains, and not in the primitive central chain, we shall 
never perceive any irruption of blocks which have proceeded from 
them. In regard to the cause, he considers it as certain that those > 
currents are intimately connected with the raising up of the chain of 
the Alps effected by the augitic or pyroxenic porphyry. The pri- 
mordial strata have proceeded from the interior, and have been 
elevated in mountains and chains of glaciers. The secondary strata 
have been forced aside, and raised at the same time ; hence it is that 
they have been turned up against the primitive chain. The valleys 
of these mountains are the effect of the lateral rupture of the raised 
strata, and by this rupture the strata have been forced to occupy a ■ 
greater space than otherwise they would have been able to cover. 
The valleys then, concludes Von Buch, were formed at the very time 
of the elevation of the primitive mountains. When the chain of tlie 
Alps was raised up, the waters which covered them were at the same 
time raised towards the summit ; afterwards they fell again into their 
first bed, or at their first level through the lateral valleys of the 
second formation which opened at the same moment ; they carried 
along' with them the detached blocks, and deposited them on the 
mountains which had just been raised, and which thus came in con* 
tact with the atmosphere, in consequence of their elevation, and the 
return of the waters beneath their former level. The view here 
taken by Von Buch does not render necessary the retreat of the 

9 
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hand^ it is proved also, that the vast chasms of the 
mountains, as well as the cavities which form the 

waters from our condnents at the period of the raising of the primi- 
tive chain ; all these convulsions may have taken place beneath the 
waters of the ocean without any permanent change of level. De 
Luc considered this great revolution in the same general manner, 
when he says, (Letter IV. § 85, note), " I trust that I shall succeed 
in producing a change in the ideas of De Saussure, by connecting 
the phenomenon of the scattered blocks, not with the debacle, or the 
retreat of the sea, but with the overthrow of our strata.'* 

It is not only the valleys of the Arve and the Rhone, says Mr. 
J. A. De Luc, the younger, which exhibit the phenomenon of the 
dispersion of the blocks on the side of Switzerland, but also those 
of the Aar, the Reuss, the Limmat, and the Rhine, through which 
issued the great currents proceeding from the primitive chain. In 
this respect the observations and remarks of De Saussure, as con- 
ttdned in §§ SIX and 212 of his Voyages dans les Alpes, and erro- 
neously criticised by our author in the first volume of his Travels 
iu France, have received a full confirmation. '* The fragments of 
rocks disseminated over our mountains have come thither by the 
great valleys of the Alps ; those fragments are no where found in 
greater abundance, and at a more considerable height, than opposite 
those great valleys. The parts of Jura which are the most covered 
by them, directly correspond with the valley of the Rhone •••••« 
io all the breaches and gaps of the borders of the Jura, wherever 
deep ravines have opened an entrance to the currents which pro- 
ceeded from the Alps, considerable accumulations of them are 
observable." 

Mr. J. A. DeLuc published, in 1827, at Geneva, a dissertation 
on this subject, entitled Memoire sur le phenom^ne des grandes 
pierres primitives Alpines, distribuees par groupes dans le bassin 
dn lac de Gendve et dans les vallees de TArve. He has traced the 
Uocks through the two valleys of the Arve and the Rhone up to their 
aomce, namely, the granitic needles of Chamouni. In attempting, 
in tiiat memoir, to assign a cause for the phenomenon in question, 
hft^adoptft an idea which had oflen struck De Saussure when con- 
templating the needles of Chamouni, and the sharp points with 
which they are bristled, viz. that they had been raised or set up by 

C2 
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basins of the lakes, must have existed before any rain 
could have fallen an our continents, that is to say, 
before they had been abandoned by the sea. 

what he calls a r^ouUfnent^ or some violent lateral pressure acting 
from below. This hypothesis was suggested to hiib by the circum- 
stance of the vertical position and the parallelism of the plates of 
which these needles consist ; it was equally suggested by the rising 
up of the surrounding mountains against the mass of Mont Blancb 
In consequence of the refoulemerUf or the up-heaving of large masses 
of the strata, all the granitic peaks must have proceeded simultane- 
ously from the interior of the earth ; such rents and dislocations 
must have been occasioned by these commotions as to cause innu«> 
merable fragments to be detached, and at the same momaitthe 
waters of the ocean being violently impelled towards the west, must 
have flowed in that direction with such rapidity as to sweep along 
with them all the fri^ments, and have conveyed a great number of 
them to the most remote points where the waters have retained their 
velocity, namely, to a distance of thirty leagues and upwards. He 
considers that the transportation of the blocks must have taken place 
at the sur&ce of the waters so rapidly, that the effect of gravity 
upon these masses must have been suspended by the violence of the 
currents. On the contrary supposition, the largest and flattest 
would have remained behind, and the smallest only have reached 
great distances. He is likewise inclined to believe, that they may 
have passed over the cavity of the lake Leman, being sustained by 
the liquid. The granites of the Rhone proceed from the peaks of 
the valley of Ferret, those of the Arve from the needles of Mont 
Blanc. The Petit Saleve alone is covered with upwards of 1800 
blocks, of all sizes, from three to forty-five feet (French) in length. 
All these have proceeded from the valleys of the Rhone and the 
Arve. At Cran, near Geneva, there is a block of petrosilex, 7S feet 
(French) in length, and 20 feet in height. « 

Since the publication of his Memoir, Mr. J. A. De Luc has com- 
municated to the editor a different view, in regard to the cause of 
the dispersion of the blocks, from that which he had suggested 
therein. " Without having recourse," he says, " to the setting up 
of the needles at the period of the dispersion of the granite blocks, 
we might seek for the cause of this dispersion in that of the opening 
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22. Nevertheless, the rain waters incontestibly 
carry down some materials of the mountains ; this 

of the transversal valleys ; for in the mass itself that constitutes the 
needles and the Mont Blanc, there are transversal valleys. I speak 
of the valley of the sea of ice with its ramifications, and of the basins 
which enclose the upper parts of the glaciers of Argentifere and the 
Tour. Those elevated valleys are transversal, that is to say, they 
intersect at right angles the direction of the strata. Accordingly, 
therefore, the same cause which has opened the transversal valleys 
terminating in the plains, may have opened those which are in the 
centre of the Alps, and have thus furnished the enormous fragments 
of granite, the origin of which we have been investigating, as well as 
the fragments of petrosilex and conglomerate of Martigny, which 
have been supplied by the transversal valley of the Rhone." Ac- 
cording to this view, the dispersion of the blocks would have taken 
place subsequently to the setting up of the needles, and at the time 
of the opening of the transversal valleys. 

Treating of the transportation of the granite blocks, Mr. Bake- 
WBLL acknowledges that '' the action of mountain inundations, how- 
ever great, seems inadequate to produce such effects :" but he deems 
it not improbable that the ** blocks were originally deposited upon 
a more level soil, and have been raised up with the calcareous moun- 
tams at a subsequent period." This hypothesis, however, according 
to Mr. J. A. De Luc, is not in agreement with the phenomena which 
exhibit those blocks at every height, from the base of the mountains 
to their middlemost part. There are instances, indeed, where the 
Uocks are met with only at a certain height, but this circumstance 
is owing to the violence of the currents, and the great elevation from 
whence the blocks proceeded. 

The several facts, however, adduced by omr author, f^om which he 
to&rs that in certain spots the masses of granite and other primitive 
itones have been ejected from within by explosions of expansible 
Aiids compressed by the subsidence of the strata, are of too striking 
a nature to be overlooked in any explanation that is given of the 
phenomenon of the dispersed blocks. In the great revolution which 
brought our globe into its present state, many causes may have 
operated at the same time. At the periods when the chains of 
mountains underwent such enormous concussions that the ocean was 
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indeed being the necessary consequence of the state 
in which they were left when the sea retired ; their 
abrupt and shattered sides were thus easily detached 
by the agency of external causes ; which process still 
continues^ though in a less degree. Now by its pro- 
gress we find also direct means of ascertaming at what 
distance of time we ought to place the commencement 
of these operations ; or the epoch when the sea aban- 
doned our continents, and when the rains began thus 
to form rivers upon their surface. 

23. For that purpose let us return to the. lakes 
which are surrounded by abrupt mountains, such as 
those of Switzerland and Savoy. In these lakes, firom 
the vertical sections of the strata, and the variety of 
their inclinations all around their basins, we readily 
conclude, that great excavations had been made before 

heaved up from its bed, gazeous or aqueous fluids may have forced 
their way into some portions of the earth's surface, and carried off 
fragments of the inferior strata. Mr. Silberschlao, of Berlin, 
believed, with De Luc, that the masses of granite and other stones of 
the same class must, in several instances, have been ejected on the 
surface of the soil, a conclusion which he has drawn in consequence 
of having observed vast funnel-shaped cavities, resembling craters of 
volcanos, of which all the interior circumference was covered with 
the blocks, which appear to have been the focus of their explosion. 
See Travels in France, vol. i. § 154 — 156. See also §§ 284 and 
322. In the table of geological facts, subjoined to the second vo- 
lume of the Travels in France, &c. several phenomena are referred 
to, indicating the expulsion of the masses within. 

" PovELSEN," says M. Al. Brongniart, (Tableau des Terrains &c. 
p. 83, 1829), "states that granite blocks are found on the most 
elevated spots in Iceland, an island altogether volcanic, and very 
remote from any granitic country. Should the fact be well ascer* 
tained, it would become one of the most powerful arguments in &vour 
of the singular hypothesis of De Luc."— Ed. 









LETTER I. 23 

the rain had faJlen on our continents. Let us fix on 
one of these lakes which we find situated at the outlet 
of a main valley, where a river pours into it the 
whole of the rain-waters, or of the snow which has 
fallen within a large extent of mountainous ground. 
This main valley is also bordered by eminences which 
present abrupt chasms on every side; and conse- 
quently, here is again a vast excavation in the strata, 
of which an immense quantity has been carried away 
at some preceding period. By tracing upwards the 
course of the principal river which flows at the bottom 
of this valley, we find on each side smaller rivers by 
which it is formed. These issue also, as well as their 
different smaller branches, firom valleys, which, when 
we consider the abrupt sections of their sides, cannot 
themselves be any thing but excavations. The sides 
of these different valleys, even those that are most 
remote and highest in these mountains, are extremely 
tortuous, owing to chasms of different kinds, some of 
which, without traversing, form deep and wide fiir- 
rows on them ; while others divide them towards the 
top, thus separating their summits into distinct mounts, 
much resembling ruins. It is in these very numerous 
fissures, that the waters of the mountains are first 
collected, to descend into the valleys, and there.it is 
that they make the greatest devastation ; they carry 
with them the dust, and the small gravel, firom be- 
tween the broken stones, which cover the steep 
slopes : they undermine those slopes, formed of rub- 
bish, which often slide down at once, and when either 
the rain or the fall of snow is abundant, the rolling 
of gravel, and even of large stones, may be heard at 
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the bottom of these torrents, which precipitate them^ 
selves down these abrupt and rugged channels. 

24» Such are the operations which are performed 
throughout the whole extent of the mountains that 
furnish water to this river, which I have taken as an 
example : it is evident, that at each rain, or melting of 
snow, some materials are put in motion, part of which, 
carried down by the water, is finally conveyed by such 
rivers beyond the boundaries of the mountains ; and 
this circumstance it is that has been supposed a suffi- 
cient cause for admitting, that thus, in the course of 
time, have been produced all the excavations I have 
described : but we shall now proceed to estimate as 
well the quantity of materials which our river, since it 
first began to flow, has subtracted from the mass of 
the mountains whence it proceeds, as the time which 
it has employed in carrying them down. 

25. Whatever devastation the waters may make in 
the mountains, no part of what they propel in their 
greatest impetuosity can escape, except by the rivers ; 
and that river, which I have been tracing through its 
whole course, reaches a lake, at the entrance of which, 
ever since it has been flowing, it has deposited even 
the smallest dust which its waters have carried off, in 
the whole space that they have pervaded. However 
troubled the water of such a river may at times be, it 
becomes limpid at some distance from its entrance 
into the lake'; it continues so throughout all the rest 
of the lake, and in the same state flows out at the other 
extremity. Thus the whole' quantity of materials, 
drawn from the entire circuit of these mountains, 
since it has begun to rain upon our continents, is 
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found collected at the entrance of the lake > and there, 
by filling up a part of the original basin, it has formed 
a new land as horizontal as the water itself. How 
little proportion the filling up even of the whole basin 
would bear to the immense excavations which the 
waters pass in their course thither, I have already 
pointed out ; here, howeVer, we see only a very small 
part of it filled up, and it is this part which will serve 
us as a chronometer. 

26. These new lands have been raised little by 
little, by means of the sediments which every new 
inundation has deposited upon their surface ; and as 
they are usually very fertile, the inhabitants, when- 
ever they find that they have arrived above the level 
of the usual floods, raise their banks against greater 
inundations, and cultivate them. We may trace the 
succession of some of these establishments, by the 
tradition of the inhabitants ; and these a£ford a pro- 
portional measure by which, and by the inspection of 
the soil, we may judge of the whole. I have observed 
several of these chronometers, and if we consult only 
their immediate scale, that is, either the gradations of 
elevation in the almost imperceptible declivity of the 
new soil, or antiquity in its cultivation, proceeding in 
both cases upon e£fects produced in assignable times, 
many monuments of human art might ascribe greater 
antiquity to our continents, than we can deduce from 
these. 

27* The space of time indicated by this measure, 
which thus appears so short, is yet farther shortened 
by another evident consideration. When the torrents 
were first formed in these ruinous eminences, to which 
we give the name of mountains, all their surfaces were 
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abruptly broken and fissured, and their chasms filled 
with debris. The running waters then were to clear 
their passage, and in proportion as they carried off 
the rubbish, more of it fell down firom the shat- 
tered rocks. These waters must, therefore, in those 
times, have made more ravage, and carried with them 
a greater quantity of materials than they have ever 
done since ; because their declivities have been soft- 
ened by degrees, and bound by the roots of plants. 
We are assiured of this process, because, wherever we 
dig to any great depth in the horizontal grounds, whe- 
ther at the entrance of the lakes, or in the accumula- 
tions which the rivers have made in the vaUeys, we 
find the materials larger at the greatest depth, and 
gradually decreasing towards the surface. There we 
may perceive that, within a certain number of years, 
nothing has come down but sand, or small gravel. 
The greatest quantity of materials must then have 
been carried into the lakes at these times of the great- 
est ravages ; and since the portions of new grounds 
made there within certain known times, belong to that 
period wherein the annual effect had been already 
much diminished, in applying this proportional mea- 
sure to the total effect clearly observed, the space of 
time deduced fi-om it, however short, must yet again 
be diminished on account of the much greater rapi- 
dity of the first progress. We should therefore arrive 
at a time manifestly too short, compared with other 
monuments of men, if we did not consider that it was 
necessary that the entrance of these lakes should have 
been filled up quite to the level of the water, and have 
formed itself in an inclined plane under it, before the 
new lands could begin to be produced ; and that these 
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chronometers should mark the commencement of a 
period. .But this time^ which must be allowed for the 
first operations of the waters before the materials 
which they carried down could form new lands, is 
every where so limited by local circumstances, that 
lonong the great number of those new grounds that I 
have observed, whether in the lakes, or along the 
rivers, I have not found any which did not lead to the 
conclusion, that many ages have not elapsed since the 
rain began to operate upon our continents. 

28. We had already seen, by immediate proofs, 

that the loose strata of our continents were formed, 

as they now are, by the sea : and that, since they 

jbiave been abandoned by it, not many centuries have 

passed; and we have just seen, in confirmation of 

this first result, that, in the vast spaces included be* 

tween such rivers, no one of these strata could have 

been formed from materials carried down from the 

mountains, inasmuch as all that has proceeded thence, 

and been deposited in the lakes, has not filled them. 

Whence then come those large fragments of stony 

strata, which, notwithstanding this, are every where 

found, on the hills, as well as in the plains, in the 

very spaces between these rivers, and likewise in 

their channels, far remote from mountains and lakes ? 

This is one of the phenomena on which the authors 

<^ the systems I am now refuting relied the most ; 

and here again we shall perceive that all these ancient 

systems arose entirely from ignorance of the &cts. 

29. We are not astonished to find great blocks of 
stone on the declivities of mountains, and in their 
valleys, when we see steep rocks at their summits ; 
because the first and most natural idea is, that they 
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have been detached from the upper parts. When 
afterwards sunilar blocks are found in the channels of 
torrents, and then of rivers, still enclosed within the 
valleys, it may be thought that they have descended 
along the declivities, covered with other fractured 
stones, which have yielded to their weight: when 
again we see those blocks even in the plains, carried 
away by the idea that they must all proceed from the 
same eminences, we are apt to forget the lakes, and 
so many deep and tortuous channels, through which 
it was impossible for the waters to propel them. But 
time is called in to supply the want of means, and, 
from the habit of thinking that no other cause than 
running waters can have produced these phenomena, 
impossibilities are overlooked. Neither the enormous 
size of many of those blocks, (some of which are 
larger than that of granite, which was found in the 
marshes of Russia, and drawn at so great an ex- 
pense to Petersburgh) nor the astonishing disper- 
sion of smaller blocks, not only in the plains but on 
the hills ; and the variety of their species in certain 
grounds, bad been noticed : above all, it had not been 
perceived that gravel, of the same kinds of stone, is 
contained in many strata, mixed with marine bodies. 
Thus it was that men attached to an idea, in which, 
however, no features of truth are in any respect per- 
ceptible, refused to pursue the only method which 
could conduct them to the real causes ; namely, that 
of ascertaining with precision all the characters of the 
phenomena : now the following instance of a dissemi- 
nation of those blocks is alone sufficient to show how 
totally the opinion to which I am adverting is desti- 
tute of foundation. 
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30. When we are within the mountains of granite, 
and find on their declivities great blocks of that stone, 
down to the beds of their torrents, and of their rivers, 
it seems very natural to think that these blocks be- 
longed originally to the broken rocks observed in the 
upper parts of the mountains ; and thus gradually to 
ascribe the same origin to the blocks and pebbles of 
granite discoverable in the beds of some rivers, even 
in the plains. But let us quit the granite mountains, 
and proceed to some remote chain of mountains, 
whose strata are of calcareous stone, as the chain of 
Jura. In these mountains, where the strata are in 
the same disorder, and the heights present only 
broken rocks, we find also great blocks, not only on 
the declivities, but in the channels of the torrents, 
and of the rivers in the valleys : but do all these 
masses proceed firom the rocks above ? By no means : 
for, in the first place, these rocks are of calcareous 
stone, and the greater part of the blocks are of gra- 
nite ; and besides, these blocks are found up to the 
tops of rocks of an entirely difierent nature, and even 
sometimes in large heaps, which reduces the hypo- 
thesis to an absurdity ^ 

^ The following extracts from a Geological Memoir of the late Mr. 
Escher, the celebrated Swiss geologist, on this subject, strongly con- 
firm the views of Mr. J. Andre De Luc, in opposition to those of our 
Mithcnr. ** In comparing," says Escher, " the granite blocks with 
the rocks which compose the high Alps, we find that in each basin 
they are identical with the rocks of the valleys, more particularly 
of the upper parts of the valleys, which form that basin." [By 
basin must be understood the whole enclosure (enceinte) of the 
mouBtains that supply torrents to one of the principal streams ; so 
that a basin in the Alps comprises several valleys, all the waters of 
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31. When once we have been undeceived by this 
£Etct^ indicative^ no doubt^ of some great cause^ but 

which unite to form one single river.] ** Thus the blocks of the 
basin of the Rhine correspond with the rocks of the Canton of the 
Grisons ; the blocks of the basin of the Limmath and of the lake 
of Zurich, correspond with the rocks of the Canton of Glaris ; the 
blocks of the basin of the Reuss, the Aar, and the Rhone, corre- 
spond respectively with the rocks of St. Gothard, of Oberland, of 
the Canton of Berne, and of the Valais. 

** In the Alpine valleys the blocks are accumulated at that point 
where the valley, after having become narrower, abruptly widens, 
whilst in the strait itself none are found. 

** In the basin which separates the Alps from the Jura, the blocks 
are more or less scattered, even to the height of three thousand 
feet. But even here their dissemination follows some rule. They 
are the most numerous on the slopes opposite to the openii^s of the 
Alpine valleys, and often they are there found at a greater eleva- 
tion than on the sides of the valleys whence they proceed. 

" The slope of the Jura opposite the Alps, is almost every where 
scattered over with blocks ; but they are accumulated in a striking 
manner opposite the defiles of the Alpine valleys. It is there also 
that they reach the greatest height, namely, that of four thousand 
feet above the level of the sea, whilst laterally they seldom rise above 
two thousand feet. On the spots where the chains or ranges of the 
Jura are lost in the plain, the blocks are disseminated in the valleys 
situated behind those chains. In the same manner, when a chain 
opposite the Alps presents a transversal opening, we meet with 
blocks in the valley which foUpw that chain. ViTith respect to the 
parts of the Jura more remote from the Alps, the blocks are there 
found only in the sites directly opposite the openings of the first 
chain." 

Escher acpounts in a similar manner for the granite blocks found 
in the Val Travers, the Val St. Imier, &c. 

Mr. J. A. De Luc, jun. has remarked, in addition to these facts, 
that the blocks in the different parts of the Jura are always of the 
same nature and of the same variety as the primitive rocks which 
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which excludes all idea of these blocks haying been 
transported by running waters, we are no longer 
misled by appearances, even in those chains, at the 
centre of which arise huge rocks of granite; not- 
withstanding their ruined state, and the apparent 
probability that the blocks scattered on the sides, and 
in the bottom of the valleys, have been detached from 
these upper rocks, we begin to doubt whether they 
have proceeded thence ; and we are confirmed in that 
doubt by the diflference frequently observable between 
the granite of the blocks below and that of the rocks 
above. A remarkable instance of this is recorded at 
the 290th page of the 38th volume of the Journal de 
Physique, in a Memoir by Mr. Patrin, who points 
out in the mountains of Asia, the same circumstance 
respecting those blocks which I have now been de- 
scribing in those of Europe. But this great monu- 
ment of the revolutions which took place in our globe 
at some period anterior to the present state of things, 
strikes us still more when we come to remark, that the 
granite blocks and other stones of a quartzose nature, 
are found, not only in the parts of those chains of 
mountains where granite is the prevailing rock, but 
also on the declivities and at the bottoms of the val- 
leys, as well of the schistose as the calcareous chains, 
which follow the former outwardly, and in situations 

constitute the part of the Alps directly opposite. This fact appears 
decisive. Qur author was mistaken when he affirmed that, in the 
basin of Geneva, species of rocks foreign to the Alps were met with* 
The &ct is, that all the species and varieties of rocks disseminated in 
the neighbourhood of Geneva, are again found in their place in the 
valleys and mountains of the Valais, and in those which border die 
course of the Arvc-^En. • 
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where it is impossible that those blocks should have 
fallen from the upper portions of the mountain, 

32. I shall now^ Sir, give an example which, from 
its vicinity, must be familiar to you. The Hartz is 
but a small chain of mountains, of which the granitic 
part is the Blocksberg, against which rests the Bruch- 
berg, a schistose mountain, separated from the former 
eminence only by a small inflection, forming a high 
glen. On another side is Rehberg, extending also as 
a lower branch of the Blocksberg. This last promi- 
nence consists entirely of granite blocks ; and it is of 
such an extent, and so little below Blocksberg, that it 
is impossible to conceive that these blocks could 
have descended from thence. Whoever shall observe 
this scene of disorder, will acknowledge, that there is 
not any cause actually operating, which could, in any 
length of time, have produced such an accumulation 
of these blocks. But what, in this groupe, is most 
striking, and excludes every idea that this disorder 
could proceed from any cause belonging to the pre- 
sent order of things, is, that Bruchberg, which, as I 
said, joins also to Blocksberg, and is schistose in its 
structure, is covered with blocks of a quartzose stone, 
no stratum of which is to be found in any part of 
those mountains ; and these blocks, as well as those 
of granite, are scattered also on many mountains of 
calcareous stone, as well as in the plains, and pro- 
ceed from a class of strata, whole mountains of which 
are found in other countries, as in Veteravia, and in 
England \ The blocks of granite in the mountains 

' See the author's tenth Letter to Mr. de la Metherie, in the 
Journal de Physique, torn, xxxvi. pp. 332 — 351. 1790. — Ed. 
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of the Hartz^ are traced upon the summits, on the 
declivities, and at the bottom of the valleys of the 
schistose ridges, as also of the calcareous mountains 
which rest against these last ; and they abound in all 
the heaths of Lower Saxony and Westphalia, on the 
hills, in the plains, and even to the very coast of the 
sea. 

33* Lastly, to prove that we never should ascribe 
the blocks of stone found on the sides of the moun- 
tains to the broken rocks above, without examination, 
I shall cite another instance of a different kind, also 
not far from Gottingen. On the declivities of the 
calcareous mountains of Hildesheim, between Eim 
and Eisbeck, I have observed immense loose and in- 
sulated masses of a calcareous stone in strata totally 
different from the strata of the loftier parts of those 
mountains ; and at the same time, I have fomid frag- 
ments of granite, and other stones equally foreign 
from the nature of these mountains, on their declivi- 
ties, and at the bottom of their valleys \ 

' It has now been ascertained that the blocks spoken of in this 
and the preceding Section, have a northern origin, and have chiefly 
proceeded from Sweden, Finland, and the neighbouring islands. See 
Bibl, Univ. (Sciences et Arts) vol. xxxix. pp. 217 — 237. See also 
** Notice sur les blocs de roches des terrains de transport en Su^de,*' 
par M. Alex. Brongniard (Annal» des Sciences Naturelles, torn. xiv. 
p. 5. 1828.) 

The most numerous are several varieties of gneiss, granite, syen^ 
ite, grunstein, and porphyry. Sometimes homstone, siliceous schist^ 
petrosilex, grunstein porphyry, siliceous conglomerate, quartzose 
lock, and quartzose sand-stone are met with. Of those which are 
limited to certain regions, are calcareous and marly stones, which 
enclose orthoceratites, trilobites, and other petrifactions, and which 
are found only in Mecklenburg and Pomerania. The rocks of 

D 
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34. I have cited these particular facts as examples 
of the general phenomenon; for nothing is more 

which all these stones are composed, correspond so perfectly with 
the Swedish rocks, that we may, with respect to several of them, 
^int out the districts whence they are in all probability derived. 

On adverting to the fragments of rocks extraneous to the soil, 
scattered over the plains of the north of Germany, as well as through- 
out Denmark, Russia, and all the vicinities which border the coasts 
of the Baltic Sea to the south, it is remarked that their direction is 
principally from north to south, inclining sometimes to the east, and 
that it is in this direction they are -found in greatest abundance. The 
blocks foreign to the soil found in the eastern parts of England, says 
Professor Hausmann, proceed most probably from Norway. The 
same geological phenomenon occurs over a very considerable surface 
in North America ; and from the observations of Hayden, it would 
appear that the blocks have been transported in a direction from 
north«-east to south-west. Memoire sur Torigine des Pierres eparses 
.dans les contrees sablonneuses de TAUemagne Septentrionale, par 
M. le conseiller Hausmann, avec des notes et des remarques critiques 
par J. A. De Luc. Bibl. Univ. vol. xxxix. p. 229. 

Mr. J. A. De Luc, the younger, considers that it is necessary to 
admit two transportations of stones, foreign to the soil in the north 
of Germany, which must have occurred at two different epochs ; to 
the first belong the blocks and gravel enclosed in the beds of marl,— 
to the second, those found at the surface of the soil, and which are 
'fiir the most numerous. He grounds his opinion, partly, on a 
Memoir of Dr. Bruckner, of Neu-Strelitz, which treats of the form- 
ations of Mecklenburg, wherein that author distinguishes the form- 
ation which encloses the blocks and gravel, from that which is 
composed of marl covered with sand and clay. The last author 
adds, that in the sand intermixed with the marl, calcareous fossils, 
primary pebbles, and also bones are met with. 

Mr. J. A. De Luc, jun. is of opinion, that the blocks which have 
proceeded from* Sweden, and which are dispersed in such prodigious 
numbers over the plains of northern Germany, are to be referred to 
the last great terrestrial revolution, thus differing from Professor 
Hausmann as to the necessity of assigning to it a difierent epodi 
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common than, on mountains, hills, and plains, and 
within the loose strata on the surface of the spil, to 

from thiU; at which ibq debris qf the Alps have been traiuipor^^. 
He derives his proofs from our author's Gedogicat Travels m the 
north of Europe* 

The numerous observations of De Luc testify indeed, that this 
phenomenon of the dissemination of the stones throughout the north 
of Germany, and the continental provinces of Denmark, is in a 
great measure limited to the surface of the soil, and that there it is 
exhibited in all its magnitude. Now, in such a situation, it is to the 
last terrestrial revolution only, that we can ascribe their transport- 
atioUy and accordingly to the same which has effected the trans- 
portation of the Alpine blocks. Mr. J. A, De Luc considers that 
the same cause to which must be assigned the disruption of the 
rooks, and the consequent immense quantity of fragments, has, in 
its operations, impressed upon the waters of the ocean movements 
tufficiently violent and extensive for their transportation to such 
great distances, which, in respect to the blocks of the north, may be 
calculated at a hundred and fif)y, and even two hundred leagues. 
This cause can be looked for only in the interior of the globe ; there 
indeed we may find agents of adequate power to convulse and over- 
throw the surface. No external cause, he thinks, was of sufficient 
force to rupture the mountains and rocks to such a degree as to 
reduce them into myriads of fragments ; currents of water, whatever 
vdodQr we may suppose them to possess, tannot be productive of 
such effects, and no other external agent is easily conceivable* 
Currents of water, though they carried away the stones, have not 
fractured the rocks* See Bibl. Univ. ut suprit. 

In the peninsula of India, Hydrabad (latit. 17"* N.) is entirely 
composed of granite; enormous masses of that rock are every where 
diqwrised over the surface, and sometimes accumulated in heaps. 
Even at the first aspect it would be naturally concluded that this 
country had been exposed to the agency of some . great destructive 
fbrce which had fractured, and torn asunder the hills, and scattered 
their fragments over the neighbouring plains. 

In the province of Nyland, constituting a part of Finland, and in 
the vicinity of the new town of Louisa, Wraxall traversed a space 
of three leagues, where, he says, the earth may almost be said to 

d2 



36 LETTER I. 

find blocks, or smaller fragments and gravel, belong- 
ing to stony strata, known to exist in some mountsuns 

have disappeared firom his view, " so completely was it covered with 
stones, or rather rocks ; for many of them from their magnitude may 
well merit that appellation. The road, compelled to respect these 
formidable impediments, performs a thousand tortuous evolutions in 
order to avoid them, and serpentines beautifully for many miles. 
Neither cultivation, nor population, can possibly exist among such a 
wilderness of stones." Wraxall's Tour round the Baltic, &c. p. 215. 

The particular manner in which this powerfiil cause has operated 
might possibly be determined, were the internal and external stmc* 
ture of the hills, the mountains, and even the plains of Sweden 
which are composed of the same rocks of which the debris are dis* 
seminated at such great distances, minutely studied. It would be 
ascertained whether those mountains and hills have been subverted 
and ruptured, elevated or depressed; whether the great disorder 
which prevails throughout their masses can be explained only by a 
force proceeding from the interior. 

The granitic hills descend from Smaland down to Carlscrona. 
The islands of Carlscrona, and all the others which border the coast 
of the province of Bleking, the isles of Bornholm, and Christiansoe, 
appear to be fragments of a vast granitic country which had been 
overturned and fractured in a multitude of places. To those several 
tracts attention should be directed in order to discover the mode in 
which the cause that has detached so many fragments, has exer- 
cised its action. 

In a Memoir, serving as a sequel to the one here noticed, and 
read before the Society of Natural History at Geneva, Mr. J. A* 
De Luc treats of the dispersion of some particular kinds of primary 
and transition rocks. " In order," he says, " that a correct notion 
of this dispersion may be formed, it is requisite to know the dimen* 
sions of the space where it has been effected. Our basin is fourteen 
or fif);een leagues in length, from Lausanne to the mountain of 
Vouache, or to the passage of the Ecluse. Its breadth varies firom 
three to five leagues and a half; it is yet more considerable at 
Morges and Lausanne, being from six to seven leagues. Now 
within that space, and on all its points, we find pebbles and frag* 
ments of the same kinds of rocks. This I have sufficiently ascer-r 
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elsewhere, but none of which is found in that country, 
either in eminences or under the soil of the plainsj at 

tained by means of excursions in every direction, and as far as the 
basis of all the mountains.*' Of the several kinds of rocks which 
came more especiaDy under his observation, may be mentioned the 
two following : — ** The first is the euphotite, a rock composed of jade 
(compact feldspath) and diallage. The jiide, according to De Saus- 
sure, (§ 1943) characterizes the borders of our lake and of the RhonCv 
to the point where the latter ceases to be enclosed between the Alps 
and the Jura. I shall observe that the compact feldspath characterizes 
not only the borders of the lake and the Rhone, but also the whole 
extent of our basin, to the basis of the surrounding mountains. I 
have met with them at the foot of Sal^ve, Voirons, Vouache, and all 
along the Jura from Lausanne, passing through Morges, Gimel, 
Burtigny, &c., and not &r from Fort de I'Ecluse ; as likewise in all 
the nants or beds of rivulets between Chanci and the Vouache. The 
village of Chanci is three miles to the south-west of Geneva. We 
find pebbles of jade in all the environs of our city. The jades are 
found, not only in pebbles and small blocks, but in very large blocks 
firom twelve to seventeen feet in length. The rock of jade belongs 
to the mountains of the Valais, situated between the Rhone and the 
valley of Aoste. — ^The second rock is the conglomerate of Trient, of 
Martigny, and Derbignon. (See the Travels of De Saussure, §§ 689. 
691. 693. 698. 1072. 1075, 1076.) I have met with pebbles and 
blocks of this conglomerate from Moudon to the small stream of 
Alondon, near Russin, which is a distance of twenty-one leagues in 
a direct line, — and on all the points of the breadth of the basin. As 
for instance on the Petit Saleve near Mournex ; on the summit of 
Ae Coteau de Boisy, four leagues to the north-east of Geneva ; in 
Ae vicinity of Yvoire, hear the lake. In all these places large blocks 
of the conglomerate are met with. In regard to the galets or peb- 
bles of this pudding-stone, they are found every where ; at the 
basis of the Jura, from Cossonay, Gimel, the summit of the Cdte de 
Rolle, &c. as £ir as St. Jean de Gonville, three leagues to the west of 
Geneva ; m the middle of our basin, at Dovaine, Nemi, &c. ; on the 
borders of the lake under Cologni, the banks of the Arve, &c. ; on 
the eastern coast of our lake, at the basis of the Voirons, Etrembi^res, 
&€." Three other kinds of rocks equally widely dispersed are men- 
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any attainable depth. If the men, to which it was 
usual formerly to attribute this great phenomenon, 
sometimes exhibit a great quantity of such fragments, 
it is merely because in hollowing those channels 
through loose strata^ they have carried with them the 
sand and other kinds of dust^ leaving behind, at the 
bottom of their beds, all the stones that could not 
float along with them : and as a proof of this, wherever 
the rivers have their channels covered with blocks or 
gravel, dissimilar to the stony strata of the country, 
the same sorts of stones are found in the loose strata 
all around, even on the hills, where the rivers never 
could have passed. Thus all the notions of the great 
ravages produced by the rain-waters upon our con- 
tinents since their existence, have been mere illusions ; 
and we must seek some other cause for the ph^o- 
mena I have now described. 

35. The following, Sir, are the facts which I have 
here determined, and of which the details may be 
found in my works. 1st. The whole mass of our 
continents is composed of strata of different substances, 

tioned in the Memoir, and the author makes, in conclusion, the fi>llow- 
ing remark : — ** So extensive a dispersion of several of these rocks, 
indicates the agency of an extraordinary force or power, making its 
way through the rocks with a violence which the most solid masses 
could not resist. It was the same force that opened the transversal 
valleys, not by gradual excavations, but by a sudden effort which 
carried off large masses, and dispersed their fragments, as if by ex- 
plosion. When this power began to act, and forced its way through 
the outlet of the valley of the Rhone, it divided itself into a great 
number of diverging lines which comprised a large space in width, 
and extended to the basis of the Jura ; similar to a great current, 
which issuing from a narrow passage, suddenly spreads over an 
extensive plain, where it occupies a considerable breadth." Ed. 
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the principal kinds of which have almost every where 
the same order of superposition. 2dly, After the first 
kinds of strata, visibly the most ancient, and contain- 
ing no organic bodies, we find other strata wherein 
such bodies are contained, and these change their 
species in the strata of different kinds which are placed 
one above another. 3dly. We find remains of terres- 
trial animals and vegetables among these organic 
bodies : but in the great majority of these strata, and 
even in the loose strata at the surface of our soil, 
the most considerable part consists of marine bodies. 
4thly. Although it is thus certain that our strata were 
formed in the sea, (which necessarily implies that 
they must have been accumulated in a continuous 
manner, and in a situation nearly horizontal) they are 
actually broken, overthrown, and sunk in great 
masses, in such a manner that the whole surface of 
our continents exhibits the most ruinous appearance. 
5thly. The violent causes which have thus disordered 
our strata preceded some great revolution, by which 
our continents were left dry, and thus submitted to 
the operation of such causes as are at present known. 
6thly. This great event was not many ages prior to 
the times traced back by human monuments. 

36. Such are the general facts which, as certain 
and determined effects of causes that have formerly 
operated on our globe, mark out the task of the 
geologist ; and, to embrace the whole subject, he must 
\ of necessity explain, 1st. The origin of the substances 
of which our strata are composed. 2dly. The cause 
of the successive differences which we observe in these 
substances. 3dly. Why it is that remains of terrestrial 
animals and vegetables are found, in some strata. 
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intermixed with those of marine animals. 4thly^ 
Whence proceeds the disorder of these strata, and the 
dispersion of their fragments. Sthly. By what means 
their ruins are now found above the level of the sea. 
6thly, and finally. To what changes these ruins have 
been exposed, from causes actually known, since they 
have emerged from the sea. 

This, Sir, is the task I have undertaken in my Let- 
ters to the Journal de Physique ; and, in my ensuing 
Letters, I shall have the honour to lay before you a 
sketch of the causes to which I attribute this series of 
events, as well as of their connection with what Reve^ 
lation has taught mankind respecting the history of the 
earth and of the universe. 

I have the honour to be, &c. 
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Anakfsis of Geological Phenomena, leacUng to a deter* 

mnation of their Origin. 



Windsor, June 27, 1793. 

I HAVE stated in my first Letter^ from the most strik- 
ing phenomena of the earthy the task traced out for 
those who undertake its history, and which I have pre- 
scribed to myself accordingly. But before entering 
upon it, I shall offer a few remarks upon the conduct 
of some persons of a high rank among naturalists re- 
specting this subject. 

1. It is an assertion we very frequently hear made, 
that human nature is becoming daily more enlightened. 
And, it may seem to be an assertion too true to leave 
toom for any doubts : it is, however, equivocal, and to 
admit it without proper examination, would lead to 
the most mischievous consequences. To this point, 
I shall now direct my observation. 

And first, it is essential to remark, that knowledge, 
considered as the result of the observations and en- 
quiries of man, divides itself into two branches, differ- 
ent in their nature, and which do not always keep pace 
with each other : the one is, the collection of axioms 
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sifid &LCts, which are in themselves independent of 
man, and are supplied from objects without us ; the 
other is, the collection of theories or systems deduced 
from these data. It is therefore under these two points 
of view, separately considered, that we must examine 
the scientific progress of any particular age. 

2. Moreover, in such an examination, the general 
object of knowledge presents itself under two very 
different aspects ; for we must be careful not to con- 
found that portion of real knowledge which we may 
find among a select number of individuals, with the 
sum of what may be found difiused among the rest of 
mankind; nor the judgment pronounced on their dis- 
coveries, by those to whom they are due, with the 
mode whereby they are made known by those who 
merely repeat them. Even when new discoveries 
take place, they are seldom at first pure from «rror ; 
time is required that they may be examined, corrected^ 
and accurately determined, by a certain class of indi- 
viduals ; to this test they must be submitted b^ore 
they can be entitled to be received into the stock of 
true knowledge. But, very often, the new ideas Which 
are disseminated, are either but glimmerings of light, 
or perhaps false views of new objects, which, for a 
time, and occasionally in circumstances the most im* 
portant to mankind, is worse than a total want of 
knowledge. When our age is complimented with be- 
ing more enlightened than preceding ones, allusion i^ 
made to a knowledge that we find g^ierally diffiised ; 
and consequently it is on this ground, that I am called 
to examine the question. 

3. In every age, the learned form a distinct class of 
men to whom science is supposed to owe its preserva- 
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tion and progress^ and whose peculiar province it is to 
instruct otheis in those matters^ which for want either 
of time^ or opportunity^ or suitable means, they are 
imable to discover and study themselves. If their in- 
structions were limited to facts, without the addition 
of commentaries, science thus dissemmated among 
mankind, would, while it augments, always continue 
real ; but the human mind is prone to generalize ; to 
conclude that to be common and constant, which has 
only been occasionally observed, in order to connect 
it sooner and more easily mth some ideas of causes ; 
and thus it frequently happens that when new disco- 
veries axe made, facts are so blended with hypotheses, 
that at first they are confounded together : so that 
they who cannot or will not receive any instruction 
bat such as is easy, and requires little attention and 
reflection, can hardly fail to fall into error. It is plain, 
then, that we should judge hastily to pronounce an 
age enlightened, merely because we hear much talk of 
knowledge in it ;. it is necessary first to ascertain in 
what this knowledge consists. 
I 4. The more facts multiply at any particular period, 
I the more time is required to disengage these new &cts 
from the several hypotheses (implied or expressed) 
with which those who first announce them to the 
yforM are apt to accompany them. Thus the abund- 
mce of fsicts which may be collected in any particu- 
lar age, must not be considered in itself as a sign of a 
proportionable increase of true knowledge : it may be 
diminished, and even false views substituted in its 
stead, by want of precision in distinguishing facts and 
consequences from the hypotheses that accompany 
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them ; a fault veiy common in our times. However^ 
this discrimination is a duty strictly incumbent on 
those who announce new discoveries ; for the distinc- 
tion is dijfficult for those who have not themselves the 
means of observing ; they cannot accordingly have a 
correct perception of those parts of the whole pre- 
sented to them^ respecting which they ought to form 
their own judgment. 

5. Though in all cases, this care to discriminate 
&cts from the commentaries made upon them, ought 
to be inculcated upon these instructors of the worlds 
out of respect merely to those whose attention they 
seek to command, it becomes a duty more and more 
urgent in proportion as the ideas they propagate may 
have an influence on the conduct or happiness of man- 
kind. On this point morality more particularly r^ 
quires that we should always announce what effects 
the consequences we deduce from certain facts are 
calculated to produce in the minds of men ; in order 
that those who are inclined to consider them, may 
proportion their attention to the real importance of 
our systems. 

6. These, Sir, I am aware are ideas and maxims, so 
self-evident to enlightened understandings, thajt they 
may appear trivial at first sight ; but many men, re- 
puted learned, have manifested by their conduct, a 
forgetfulness of maxims the most simple, and duties 
the most binding ; and as I have, in this last respect, 
much to reproach them with, I shall guard against a 
similar error myself, by fore-warning all those new 
readers, whom, under the auspices of your name, I 
shall no doubt obtain, " that the Treatise of Geology, 
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of which I have undertaken to give a sketch in these 
Letters, tends to establish the certainty of the Mosaic 
Revelation.** 

7* And here I would ask, have those among our 
geologists, who have for a long time been forming 
systems, which, in their consequences, tend to over- 
throw this Revelation, acted with similar candour? 
Have they, I say, announced this tendency, that their 
auditors might put themselves on their guard from the 
firsts by reason of the remote consequences of such 
theories ? I am not ignorant what defence might be 
attempted to be set up for their justification. They 
published their works (it will be said) in times when 
such an avowal would have excited the popular cla- 
mour against them, and drawn down on them the 
vengeance of governments. However justifiable this 
excuse may be in some cases, it will be impossible to 
find any, either for the authors themselves, or for 
those who have blindly propagated these theories, 
when it is generally understood that they have decided 
at random upon questions, which, from their nature, 
require the most profound study ; and that, abusing 
their reputation as enlightened men, they have insen- 
sibly seduced the minds of others into errors the most 
dangerous. 

8. In order to heighten the value of the knowledge 
attributed to our age, and to exalt the merit of that 
class of instructors I allude to, it has been constantly 
repeated, in compUance with their maxims, that a 
state of ignorance is the most dangerous condition of 
man. But before we flatter men's vanity with re- 
gard to their knowledge, and thus lull them to rest 
with respect to the dangers that may arise from false 
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learning, (dangers much greater and more lasting 
than those to which ignorance can expose them) we 
should do well to examine thoroughly what it is which 
they call knowledge. I must even go so £ur as to 
observe, with regaid to many of those who contribute 
to propagate this illusion, that they ought to have 
begun by acquiring such information as might have 
qualified them to make this examination respecting a 
subject so important as that of the public faith, the 
foundation of morality in Europe, and throughout a 
great part of the rest of the world. Geology was 
brought in evidence against the Mosaic Revelation by 
means of inferences, which the readers of certain sys- 
tems were induced to draw from them. Now geology 
opens into the widest field of phenomena that nature 
affords to man in one connected whole ; and there is 
accordingly no science respecting which a man who 
has reflected on the difficulty of avoiding error in 
complex researches, ought to be more firmly on his 
guard. By what means, then, have so many persons 
been brought to admit, contrary to the primary basis 
of the public faith, systems on the truth of which they 
were incapacitated from forming a judgment ? A de- 
tailed reply to this question would take me too far 
from my subject; I shall therefore content myself 
with pointing out one of the means which directly 
appUes to it. 

9. The circulation of systems of natural history, 
contrary to the Mosaic revelation, has been greatly 
extended, by representing them as wholly imconnected 
with Christianity, the certainty of which, it was. said, 
was independent of that of the Jewish religion, or at 
least of the first chapters of Genesis ; an assertion 
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which even a number of Christian ministers were made 
to believe. It is thus that a great number of indivi- 
duals have allowed themselves to be carried away by 
this pretended natural science^ without being aware of 
its tendency; it is thus that it has become a kind of 
&shion ; tiliat its general results^ exhibited as demon- 
strated propositions^ have been circulated throughout 
all classes of society ; and that^ lastly, the time has 
arrived when the greater part of those who pretend 
to some information, even among the Jews, would 
have been fearful of incurring the charge of ignorance, 
had they not sided with those who consider as a fiction 
the first of our sacred books. The consequence has 
foeen^ that men of letters, without being naturalists 
themselves, but putting implicit faith in what was so 
positively asserted to be the evidence of nature, have 
more openly and more successfiilly revived some his- 
torical and moral arguments, to which both Jews and 
Christians have long ago replied, and which would 
never have had any influence on the bulk of mankind, 
if there had not been an appearance oi an appeal to 
nature. Neither will I reject her evidence ; I will only 
sliow it, such as it is, to those who have suflered 
themselves to be carried away by misr^resentations 
<rfit. 

IOL All these theories of the earth, which are repug- 
nant to the Mosaic history, contain one common pro- 
portion, and which also in all of them is the principal 
argument made use of, namely, " that our continents 
we of very great antiquity." This would indeed be a 
decisive argument against that part of the account of 
Moses, who ascribes the origin of the actual popula- 
tion of iSae earth, to a family saved from a general 
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deluge, and the generations and history of which he 
connects with the times in which he wrote. But the 
more important this geological proposition was^ the 
more indispensable was it that it should be proved by 
observations made immediately on the continents 
themselves. Nevertheless, it had not yet occurred to 
any one to examine our continents with this view : an 
attempt had indeed been made to account for their 
origin, it being very evident that they are not so an- 
cient as our globe itself, and that they must have been 
formed, as we find them, by some physical cause ; but 
the different causes to which they were assigned would 
have operated so slowly, that the whole series of the 
historical ages were not sufiScient to produce any 
quantity of the known efiect, within a known time. 
For this reason, therefore, conceiving it to be impos- 
wble to limit, by immediate observation, the antiquity 
of the present state of our globe, no other bounds 
were set to it than were demanded by systems. Ac- 
cordingly, this notion of the prodigious antiquity of 
our continents, which we find peremptorily opposed 
to the account of Moses, does not proceed from facts; 
it is brought forward only as an hypothesis necessary 
to other hypotheses. 

II. Let us, however, for one instant admit the opi- 
nion of these geologists, that, " we should search in 
vain in our continents themselves for documents that 
might serve to determine their age ;" then, indeed, if 
a period of time excessively long, granted by hypo- 
thesis to the causes they pretended to have disco- 
vered, could have explauied the whole scene of geo- 
logical pUcmmneDU, Jt would have been natural to 
, iixc tiine past being without 
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limits. Wherefore, when I examined these systems 
in my Letters on the history of the earth and of man, 
I at first made no objection with regard to time ; I 
dwelt only on the supposed causes ; but, when I came 
to compare in respect to each the effects attributed to 
it, with what it was to explain, I easily made it evi- 
dent, that none of them would have been thought of, 
had the inventors of them been ever so slightly ac- 
quainted with geological phenomena ; for there is not 
one of those causes, whatever portion of time may be 
allowed it, that can account for the most common of 
these phenomena. 

12. Nevertheless, this hypothesis of the immense 
antiquity of our continents, so gratuitous in itself, and 
so useless,, since it supplies us with no causes * compe- 
tent to explain the phenomena of the earth, is the 
sole argument that has been opposed (as the evidence 
of nature) to what Moses has related respecting the 
renovation of the human race, owing to a great revo- 
lution, which, at no very distant era, affected the whole 
globe ; while, on the contrary, after having shown, by 
rating the systems of these geologists, how inconsi- 
derate their attack of this article of the public faith 
has been^ I adduced various decisive phenomena, as 
Ae evidence of nature, to prove, that our globe must 

have undergone that revolution, at the 
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of evidences on this head, to the great astonishment 
of those who had suffered themselves to be led astray 
by fake geological knowledge, and who will ultimately, 
no doubt, seriously regret it. 

. 13. Egypt and India are the countries from which, 
in consequence of ignorance in regard to geological 
facts, and the difficulty of verifications, had been de- 
rived the greatest number of chronological fables, 
founded on the obscmre evidence of some uninformed 
or presuming sectarians. But the influence which 
writers who had transmitted these fictions, inter- 
mingled with their own conjectures, have been al- 
lowed to obtain, is now daily giving way to the surer 
authority of naturahsts, who build on the more certaia 
evidence of phenomena. M. le Chev. de Dolomieu, 
whose opinion I have already quoted in my former 
Letter, has just pubUshed a Memoir relating to Egypt, 
in the Journal de Physique, which is of high import- 
ance to the history of the earth. In this Memoir, 
that attentive observer compares the progress of na- 
tural phenomena with some of those stupendous works 
of art which were executed at those periods when 
that coxmtry was very populous ; works, intended either 
to distribute water over the coimtry, or to retain it in 
particular places in times of inundation, for the use of 
agriculture in seasons of drought. The same wants 
had suggested the same expedients in the peninsula 
of India, where indeed, as would appear from a de- 
scription of this country, which I have just received, 
they might, perhaps, have had thek origin. Now, is 
the fancy of man at liberty to assign to these works, 
how great soever they may be, an arbitrary antiquity? 
By no means ; for the description that M. de Dolo- 
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mieu gives of the operation of natural causes in these 
countries, and of the course of then: progress, proves 
them to be similar to what we may observe, with all 
their concomitant circumstances, in many countries in 
•Europe ; and M. de Dolomieu, after having entered 
minutely into this comparison, expresses his astonish-** 
ment that writers, who passed for geologists, could 
have eagerly supported for so long a time, as if striv^ 
ing to out-do each other, this opinion of the high an^ 
tiquity of the present state of our globe, contradicted 
as it is by a multitude of phenomena every where be- 
fore their eyes. 

14. If we look into the history of the opinions that 
have been formed relative to our globe, we shall find, 
that it is the organized bodies contained in our mine-r 
ral strata, which gave birth to geology. The first idea 
suggested by this surprising phenomenon, and which, 
generally considered, remains incontestable, is, that 
our globe must have undergone some great revolu- 
tion. In those times when the revelation of Mos^s had 
not yet been attacked among those people who pro*- 
fess to acknowledge it, it was likewise very natural to 
conceive, that the revolution that was thus made ma^ 
nifest to our senses, was the deluge described in our 
sacred books, the tradition of which remains also 
^mong all the Asiatic nations. But the study of geo^ 
k^cal phenomena being then only in its infancy, and 
many errors being mixed with the earliest descrip- 
tions of them, the different connections those first 
geologists thought they had established between the 
visible phenomena and that great event, have been 
successively set aside as knowledge has advanced. It 
is owing to this that other naturalists, confounding 
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deluge, and the generations and history of which he 
connects with the times in which he wrote. But the 
more important this geological proposition was^ the 
more indispensable was it that it should be proved by 
observations made immediately on the continents 
themselves. Nevertheless, it had not yet occurred to 
any one to examine our continents with this view : an 
attempt had indeed been made to account for their 
origin, it being very evident that they are not so an- 
cient as our globe itself, and that they must have been 
formed, as we find them, by some physical cause ; but 
the different causes to which they were assigned would 
have operated so slowly, that the whole series of the 
historical ages were not sufficient to produce any 
quantity of the known effect, within a known time. 
For this reason, therefore, conceiving it to be impos- 
sible to limit, by immediate observation, the antiquity 
of the present state of our globe, no other bounds 
were set to it than were demanded by systems. Ac- 
cordingly, this notion of the prodigious antiquity of 
our continents, which we find peremptorily opposed 
to the account of Moses, does not proceed from facts ; 
it is brought forward only as an hypothesis necessary 
to other hypotheses. 

11. Let us, however, for one instant admit the opi- 
nion of these geologists, that, " we should search in 
vain in our continents themselves for documents that 
might serve to determine their age ;" then, indeed, if 
a period of time excessively long, granted by h3rpo- 
thesis to the causes they pretended to have disco- 
vered, could have explained the whole scene of geo- 
logical phenomena, it would have been natural to 
admit that hypothesis, jthe time past being without 
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limits. Wherefore, when I examined these systems 
m my Letters on the history of the earth and of man, 
I at first made no objection with regard to time ; I 
dwelt only on the supposed causes ; but, when I came 
to compare in respect to each the effects attributed to 
it, with what it was to explain, I easily made it evi- 
dent, that none of them would have been thought of, 
had the inventors of them been ever so slightly ac- 
quainted with geological phenomena ; for there is not 
one of those causes, whatever portion of time may be 
allowed it, that can accoimt for the most common of 
these phenomena. 

12. Nevertheless, this hypothesis of the immense 
antiquity of our continents, so gratuitous in itself, and 
so useless,, since it supplies us with no causes ' compe- 
tent to explain the phenomena of the earth, is the 
sole argument that has been opposed (as the evidence 
of nature) to what Moses has related respecting the 
renovation of the human race, owing to a great revo- 
lution, which, at no very distant era, affected the whole 
globe ; while, on the contrary, after having shown, by 
refuting the systems of these geologists, how inconsi- 
derate their attack of this article of the public faith 
has been, I adduced various decisive phenomena, as 
the evidence of nature, to prove, that our globe must 
necessarily have undergone that revolution, at the 
time stated by Moses, since our continents are not, 
in fact, older than his history represents them to be : 
which circumstance, considering the magnitude of the 
event, is of itself a striking confirmation of this reve- 
lation. I have traced out some of these phenomena 
in my former Letter, and am now. Sir, going to show 
you, that we may expect a successive multiplication 
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deluge^ and the generations and history of which he 
connects with the times in which he wrote. But the 
more important this geological proposition was^ the 
more indispensable was it that it should be proved by 
observations made immediately on the continents 
themselves. Nevertheless, it had not yet occurred to 
any one to examine our continents with this view : an 
attempt had indeed been made to account for their 
origin, it being very evident that they are not so an- 
cient as our globe itself, and that they must have been 
formed, as we find them, by some physical cause ; but 
the different causes to which they were assigned would 
have operated so slowly, that the whole series of the 
historical ages were not sufficient to produce any 
quantity of the known effect, within a known time. 
For this reason, therefore, conceiving it to be impos- 
sible to limit, by immediate observation, the antiquity 
of the present state of our globe, no other bounds 
were set to it than were demanded by systems. Ac- 
cordingly, this notion of the prodigious antiquity of 
our continents, which we find peremptorily opposed 
to the account of Moses, does not proceed from facts ; 
it is brought forward only as an hypothesis necessary 
to other hypotheses. 

11. Let us, however, for one instant admit the opi- 
nion of these geologists, that, " we should search in 
vain in our continents themselves for documents that 
might serve to determine their age ;" then, indeed, if 
a period of time excessively long, granted by h3rpo- 
thesis to the causes they pretended to have disco- 
vered, could have explained the whole scene of geo- 
logical phenomena, it would have been natural to 
admit that hypothesis, j;he time past being without 
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Ihnits. Wherefore, when I examined these systems 
in my Letters on the history of the earth and of man, 
I at first made no objection with regard to time ; I 
dwelt only on the supposed causes ; but, when I came 
to compare in respect to each the effects attributed to 
it, with what it was to explain, I easily made it evi- 
dent, that none of them would have been thought of, 
had the inventors of them been ever so slightly ac- 
quainted with geological phenomena ; for there is not 
one of those causes, whatever portion of time may be 
allowed it, that can accoxmt for the most common of 
these phenomena. 

12. Nevertheless, this hypothesis of the immense 
antiquity of our continents, so gratuitous in itself, and 
so useless,, since it supplies us with no causes ' compe- 
tent to explain the phenomena of the earth, is the 
sole argument that has been opposed (as the evidence 
of nature) to what Moses has related respecting the 
renovation of the human race, owing to a great revo- 
lution, which, at no very distant era, affected the whole 
globe ; while, on the contrary, after having shown, by 
refuting the systems of these geologists, how inconsi- 
derate their attack of this article of the public faith 
has been, I adduced various decisive phenomena, as 
the evidence of nature, to prove, that our globe must 
necessarily have undergone that revolution, at the 
time stated by Moses, since our continents are not, 
in fact, older than his history represents them to be : 
which circumstance, considering the magnitude of the 
event, is of itself a striking confirmation of this reve- 
lation. I have traced out some of these phenomena 
in my former Letter, and am now. Sir, going to show 
you, that we may expect a successive multiplication 
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deluge, and the generations and history of which he 
connects with the times in which he wrote. But the 
more important this geological proposition was, the 
more indispensable was it that it should be proved by 
observations made immediately on the continents 
themselves. Nevertheless, it had not yet occurred to 
any one to examine our continents with this view : an 
attempt had indeed been made to account for their 
origin, it being very evident that they are not so an- 
cient as our globe itself, and that they must have been 
formed, as we find them, by some physical cause ; but 
the different causes to which they were assigned would 
have operated so slowly, that the whole series of the 
historical ages were not sufficient to produce any 
quantity of the known effect, within a known time. 
For this reason, therefore, conceiving it to be impos- 
sible to limit, by immediate observation, the antiquity 
of the present state of oiu: globe, no other bounds 
were set to it than were demanded by systems. Ac- 
cordingly, this notion of the prodigious antiquity of 
our continents, which we find peremptorily opposed 
to the account of Moses, does not proceed from facts ; 
it is brought forward only as an hypothesis necessary 
to other hypotheses. 

11. Let us, however, for one instant admit the opi- 
nion of these geologists, that, " we should search in 
vain in our continents themselves for documents that 
might serve to determine their age ;" then, indeed, if 
a period of time excessively long, granted by hypo- 
thesis to the causes they pretended to have disco- 
vered, could have explained the whole scene of geo- 
logical phenomena, it would have been natural to 
admit that hypothesis, jthe time past being without 
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limits. Wherefore, when I examined these systems 
m my Letters on the history of the earth and of man, 
I at first made no objection with regard to time ; I 
dwelt only on the supposed causes ; but, when I came 
to compare in respect to each the effects attributed to 
it, with what it was to explain, I easily made it evi- 
dent, that none of them would have been thought of, 
had the inventors of them been ever so slightly ac- 
quainted with geological phenomena ; for there is not 
one of those causes, whatever portion of time may be 
allowed it, that can account for the most common of 
these phenomena. 

12. Nevertheless, this hypothesis of the immense 
antiquity of our continents, so gratuitous in itself, and 
so useless,, since it supplies us with no causes ' compe- 
tent to explain the phenomena of the earth, is the 
sole argument that has been opposed (as the evidence 
of nature) to what Moses has related respecting the 
renovation of the human race, owing to a great revo- 
lution, which, at no very distant era, affected the whole 
globe ; while, on the contrary, after having shown, by 
refuting the systems of these geologists, how inconsi- 
derate their attack of this article of the public faith 
has been, I adduced various decisive phenomena, as 
the evidence of nature, to prove, that our globe must 
necessarily have undergone that revolution, at the 
time stated by Moses, since our continents are not, 
in fact, older than his history represents them to be : 
which circumstance, considering the magnitude of the 
event, is of itself a striking confirmation of this reve- 
lation. I have traced out some of these phenomena 
in my former Letter, and am now. Sir, going to show 
you, that we may expect a successive multiplication 
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deluge, and the generations and history of which he 
connects with the times in which he wrote. But the 
more important this geological proposition was, the 
more indispensable was it that it should be proved by 
observations made immediately on the continents 
themselves. Nevertheless, it had not yet occurred to 
any one to examine our continents with this view : an 
attempt had indeed been made to account for their 
origin, it being very evident that they are not so an- 
cient as our globe itself, and that they must have been 
formed, as we find them, by some physical cause ; but 
the different causes to which they were assigned would 
have operated so slowly, that the whole series of the 
historical ages were not sufficient to produce any 
quantity of the known effect, within a known time. 
For this reason, therefore, conceiving it to be impos- 
sible to limit, by immediate observation, the antiquity 
of the present state of our globe, no other bounds 
were set to it than were demanded by systems. Ac- 
cordingly, this notion of the prodigious antiquity of 
our continents, which we find peremptorily opposed 
to the account of Moses, does not proceed from facts ; 
it is brought forward only as an hypothesis necessary 
to other hypotheses. 

11. Let us, however, for one instant admit the opi- 
nion of these geologists, that, " we should search in 
vain in our continents themselves for documents that 
might serve to determine their age ;" then, indeed, if 
a period of time excessively long, granted by hjrpo- 
thesis to the causes they pretended to have disco- 
vered, could have explained the whole scene of geo- 
logical phenomena, it would have been natural to 
admit that hypothesis,, jthe time past being without 
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limits. Wherefore, when I examined these systems 
m my Letters on the history of the earth and of man, 
I at first made no objection with regard to time ; I 
dwelt only on the supposed causes ; but, when I came 
to compare in respect to each the effects attributed to 
it, with what it was to explain, I easily made it evi- 
dent, that none of them would have been thought of, 
had the inventors of them been ever so slightly ac- 
quainted with geological phenomena ; for there is not 
one of those causes, whatever portion of time may be 
allowed it, that can accoxmt for the most common of 
these phenomena. 

12. Nevertheless, this hypothesis of the immense 
antiquity of our continents, so gratuitous in itself, and 
so useless,, since it supplies us with no causes ' compe- 
tent to explain the phenomena of the earth, is the 
sole argument that has been opposed (as the evidence 
of nature) to what Moses has related respecting the 
renovation of the human race, owing to a great revo- 
lution, which, at no very distant era, affected the whole 
globe ; while, on the contrary, after having shown, by 
refuting the systems of these geologists, how inconsi- 
derate their attack of this article of the public faith 
has been, I adduced various decisive phenomena, as 
the evidence of nature, to prove, that our globe must 
necessarily have undergone that revolution, at the 
time stated by Moses, since our continents are not, 
in fact, older than his history represents them to be : 
which circumstance, considering the magnitude of the 
event, is of itself a striking confirmation of this reve- 
lation. I have traced out some of these phenomena 
in my former Letter, and am now. Sir, going to show 
you, that we may expect a successive multiplication 



48 LETTER JI. 

deli^, and the generations and history of which he 
connects with the times in which he wrote. But the 
more important this geological proposition was, the 
more indispensable was it that it should be proved by 
observations made imme^tely on the continents 
themselves. Nevertheless, it had not yet occurred to 
any one to examine our continents with this view : an 
attempt had indeed been made to account for their 
origin, it being very evident that they are not so an* 
cient as our globe itself, and that they must have been 
formed, as we find them, by some physical cause ; but 
the different causes to which they were assigned would 
have operated so slowly, that the whole series of tbe 
historical ages were not sufficient to produce any 
quantity of the known effect, within a known time. 
For this reason, therefore, conceiviug it to be impos- 
sible to limit, by immediate observation, the antiquity 
of the present state of our globe, no other bounds 
were set to it than were demanded by systems. Ac- 
cordingly, this notion of the prodigious antiquity of ; 
cm: continents, which we find peremptorily opposed 
to the account of Moses, does not proceed from &cts; 
it is brought forward only as an hypothesis i 
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limits. Wherefore, when I examined these systems 
in my Letters on the history of the earth and of man, 
I at first made no objection with regard to time ; I 
dwelt only on the supposed causes ; but, when I came 
to compare in respect to each the effects attributed to 
it, with what it was to explain, I easily made it evi- 
dent, that none of them would have been thought of, 
had the inventors of them been ever so slightly ac- 
quainted with geological phenomena ; for there is not 
one of those causes, whatever portion of time may be 
^owed it, that can account for the most common of 
these phenomena. 

12. Nevertheless, this hypothesis of the immense 
antiquity of our continents, so gratuitous in itself, and 
so useless, since it supplies us with no causes 'compe- 
tent to explain the phenomena of the earth, is the 
sole argument that has been opposed (as &*^ '"idence 
of nature) to what Moses haq related ] 
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It is these masses, thus overthrown, which rest to^ 
wards the interior of the chain, against the strata of 
schists and grey-rock ^ which are more boldly and 

^ The term grey'-roch^ which I have ahready adopted in my 
other works, because it was formerly in use, though now seldom 
employed, leads me to a general remark. There prevails muck 
uncertainty in the nomenclature of many of our strata, because the 
several shades between them, multiply in proportion to the labour 
bestowed in distinguishing their species, as well by their external 
characters, as by their composition. But, in respect to the farmer, 
descriptions can seldom supersede' the necessity of ocular inspection ; 
and with regard to composition, the products of the chymical analy- 
sis of substances very different in their external characters, are so 
nearly similar, that they afford but a very feeble aid towards the 
ascertainii^ of them. These researches are not indeed fi)reign to 
the geologist ; on the contrary, a profound acquaintance with their 
results is indispensable, in order to obtain with some degree of cer« 
tainty the solution of those two important questions r-^whence have 
proceeded the substances of which our mineral strata are composed? 
And by what kind of cause have successive changes taken place in 
their nature? But while the lessons of mineralogy are present to 
his mind, as data from which it is not permitted to depart, the geo- 
logist must confine his researches to general phenomena ; since it is 
evident that with regard to eHfects that have formerly beai operated 
on the globe, but are operated no longer, mineralogy, were it much 
farther advanced than it actually is, could conduct us only to general 
causes. 

For this reason I have, in the first place, divided the numerous 
succession of the different species of strata, observable in the great 
chains of mountains, into three general classes, the consideration of 
which is sufficient for the great objects of geology. One of those 
classes may be designated by granite^ which constitutes one of its 
principal parts ; it comprises likewise the porphyries, and different 
species of other strata intermixed with those ; it would nevertheless 
be very difficult, perhaps even impossible, to fix any limits to that 
class, because it is separated from the following by strata which 
partake more and mcure of the nature of the latter : the quartz, feld^ 
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more generally turned up than the former, though to 
this there are many exceptions. These last are clearly 

spath, and mica are observed to diminish, and the clay to increase ; 
and we thus arrive at the class where the primordial schists, or pri- 
mordial foliated strata prevail, but which are intermixed with com** 
pact beds partaking of their substance ; and these last it is which I 
have denominated grey-rock, from the name of grau-wacken, which 
is applied to it by German miners. In that mass of rock it is, that 
are found the principal mineral veins, and it is difficult to distinguish 
in the interior of the mountains the compact beds from the foliated 
strata, because it is the action of the atmosphere which divides the 
schists into leaves or plates. This compact stone, which I have 
called grey-rock, has many varieties, and mineralogists distinguish 
it by different names ; it corresponds with horn-rock, and the trapps ; 
and when fractured, bears most resemblance to basalt and compact 
lava. ' But these relations, (or differences) in appearance, hardness, 
colour, and kind, or proportions of discernible ingredients, are but 
very remotely connected with general causes, as I shall have occasion 
to render evident; so that by grey-rock and the contemporaneous 
schists, I would designate only a great class of strata, which suc- 
ceeded to that in which the granite and porphyry prevail, and of 
which the general mass is very well ascertained. It is also known 
that those two classes of strata are called primordial^ because they 
contain no organized bodies ; and that to the latter succeeded a third 
class of strata, consisting of calcareous stone, and containing marine 
bodies. Such are the three classes of strata to be attended to in the 
great chains of mountains; and it is under the same general point of 
view, namely, by comprising distinct masses under certain general 
characters, that I here consider all our strata ; — I have deemed it 
light to assign my reason for this on first entering upon the subject^ 
m order that they who are more conversant in mineralogy than geo- 
logy, may be enabled to see, that in submitting myself to the exami- 
nation of the former, I was to avoid loading with details the state- 
ment of its general results, which constitute one class only of the 
objects, in which the latter is conversant. 

[From the above note it would appear that our author already en- 
tertained correct notions respecting the series of formations. The 

9 
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primordial; that is to say, their formation has mani^ 
festly preceded the existence of organized beings on 
our globe, as we find no vestiges whatever of any in 
them. Lastly, these strata, the sections of which ap^ 
pear almost every where on the summits of the emi- 
nences to which they belong, lean in this situation 
against those of granite or other rocks of its class, 
which occupy the very centre of those chains. In the 
centre itself the greatest confiision prevails; and 
among the ruinous masses which rise above the debris 
of the strata, in some of which masses these last have 
more or less preserved a horizontal position, a num- 
ber of others rise in the form of obeUsks, where the 
strata are almost vertical* 

, 24. The descriptions of these mountains may be 
studied with advantage in the memoirs of M. Pallas 
on Siberia, of M. Patrin on Daouria, of M. de Dolo- 
mieu on the Tyrol, of M, Ramond de Charboniere 
on the Pyrenees ; or in the coloured prints of M. de 
Mechel ; but chiefly in the Voyages dans les Alpes of 
M. de Saussure, a classical work in geology, from the 
number of well-described facts it contains, and its 
many valuable and fundamental remarks. Among 
others, we are indebted to this last naturalist, for re- 
ducing to order that chaos of mineral substances which 
we find in the great chains of mountains, where all 
who are disposed to consider them with attention, 

grey-wacke constitutes a part of the transition rocks, of which he 
forms the second class of his primary rocks. His division of rocks 
into three classes corresponds to the present classes denominated, 
1. Primitive rocks — 2. Transition or intermediate rocks — 3. Se- 
cohdary rocks, consisting chiefly of calcareous formations. In some 
instances transition rocks contain organized bodies.] Ed. 
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ntoy now readily discover^ that the different strata 
which are there to be seen resting one against another^ 
iBUst have been formed one above another ; as is evi- 
dent with regard to the calcareous masses enclosing 
marine bodies, where the strata are at present found 
resting agamst each other, exactly as they all in com- 
mon rest against the primordial substances : and it is 
no less evident that it is owing to disruptions of the 
entire mass of the strata that happened in those places 
which now form the centre of these chains, in conse- 
quence of the lateral subsidences of the masses thus 
divided, that those strata which were originally infe- 
rior, are found the most elevated, and turned up to- 
wards those centres, in the same manner in which the 
strata that were then uppermost are now overthrown 
on the outside. 

25. M. de Saussure likewise sets out with the ma- 
rine bodies, as being our first guides in geology ; by 
them, particularly, he demonstrates the catastrophes 
to which those masses of various substances wLh 
compose our great chains of mountains, have been 
subjected since their formation. The juxta-position 
of the layers of all these substances, leaves us no room 
to suppose that one could have changed its situation 
without the other. Now, those of our strata that con- 
tain marine bodies, which we now find so consider- 
ably inclined, must necessarily have been at first pro^ 
duced in a situation nearly horizontal ; consequently, 
the strata that contain no marine bodies, called pri- 
mordial, to which they are so near, which are inclined 
together with them, and against which they rest, must 
at that period have been horizontal too, and beneath 
them. However, this proof, evident as it might be, 

F 
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was not the first that struck M. de Sausinire ; habit 
produced at first in him the same inattention in this 
respect as had prevailed among all other geologistSr 
Some new phenomenon was requisite to lead bim to 
reflect ; and it was in the very bosom of these primi- 
tive masses that he found it, where he discovered 
strata of breccia, or pudding-stone, turned up and 
fi-actured towards the summit, like those of the schists 
and granites which invest them ; a phenomenon of 
which many examples are to be met with. Now such 
beds must necessarily have been formed in a situation 
almost horizontal ; for since they have enveloped the 
fragments of other stones, they must evidently have 
been at one time soft ; and we cannot suppose that 
these strata which lie quite as parallel to each other 
as they do in all the other classes, have been depodted 
in the ihidst of a liquid, in a situation nearly Vertical. 
No doubt, therefore, can remain respecting the origi- 
nal position of all the strata that compose the mass 
of these mountains ; all of them, beginning from the 
granite, have been deposited in a horizontal situation; 
and consequently, their series, proceeding outwards 
from the centre of the chains, indicates a succession 
of chymical precipitations that took place in the li* 
quid which at one time covered our whole globe. 

26. I confine myself to this example drawn fit)ni 
our principal chains of mountains, since the mineral 
strata which had their origin subsequently to those 
convulsions, of which the above stupendous monu- 
ments remain, accumulated on a base already fi*a(> 
tured, and which often underwent partial catastrophes; 
whence resulted local changes in the liquid itself, and j 
consequently precipitations of various kinds ; so that 
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the succession of th^e strata has little uniformity. I 
will point out the principal circumstances relating to 
these in my next Letter ; but as my present purpose 
was solely to prove that the whole Wiiass of our conti- 
nents is composed of strata^ formed successively from 
a liquid, these details are not necessary here ; since 
there never has been any doubt respecting the strati- 
fication of these substances which we call secondary, 
or sometimes tertiary, by which the primordial sub- 
stances have been so covered, that had it not been for 
the convulsions, which have brought them outwards, 
either in great masses, as in certain chains of moun- 
tains and hiUs, or m fragments dispersed almost every 
where over the surface of the soil, we should have 
known nothing of their existence. 

27. I have been obliged, both in my former Letter 
and in this, to mention that great character of our 
geological monuments, namely, the confrision that 
prevails through all the classes of our mineral strata, 
as a &ct ; (though I could not yet speak of its cause) 
for that &ct was necessary to the proof of this propo- 
(silion : '^ that the whole mass of substances that forms 
vhat we know of our continents, is composed of a suc- 
cession of strata, of which those of granite and of 
other similar kinds were formed first ; and, therefore, 
must be every where beneath all the other strata \" I 

^ Tbe following modification of the author's opinion respecting the 
regular succession of different kinds of precipitations, occurs in " Tra- 
vels in England," (1811) vol. III. p. 246. " Although, in a great 
iqany parts of the bed of the ancient sea, the granitic strata were co- 
y^e4 with schists, grey-wacke, or gneiss, and the latter subsequently 
wi|h calcareous and sandy strata, (as is the case around the Alps and 
many mountains in Germany) yet, in my Letters to Prof. Blumen • 

f2 
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shall not for the present dwell on the catastrophes 
which the strata have undergone^ but proceed to con- 
sider what the succession itself of the strata exhibits^ 
respecting their origin. 

28. When, in my former Letter, I pointed out this 
surprising structure of our continents, which now pre- 
sent only a heap of ruins, I observed, that we could 
never form any just idea of this confused assemblage 
of materials so different in their species, without 
having discovered how they were produced; and I 
think I have now shown, '^ that they have been 
deposited in the very places where we find them, firom 
a liquid which formerly covered the whole globe ; and 
that they gradually accumulated at the bottom of this 
liquid, in successive strata, following the insensible 
inflexions of their base.'' But how did these opera- 
tions first commence ? By the intervention of what 
cause were they determined at a certain period ! 
Those who were in the habit of thinking that we had 
no better guide than imagination in the investigation 
of events so remote, did not foresee that observation 
and experience might, in time, lead to the determinar 
tion of the only cause which could have produced all 
the phenomena we observe on our globe. 

29. We know, then, that setting out fi-om the for- 
mation of the strata of granite, a succession of dif- 
ferent genera and species of mineral strata has accu- 
mulated at the bottom of some liquid in times past ; 

bach, I had too much generalized this succession of different kinds 
of precipitations ; for in several parts of Europe and Asia there are 
large spaces in which the granite forms the surface, covered only by 
loose soils of various kinds, and sometimes even without any cover- 
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that at the end of a certain period this liquid was 
peopled with animals^ which^ in like manner^ succes- 
sively varied in their species ; and that the exuviae of 
these divers animals have remained imbedded in many 
of these strata ; . the last of which, are those of sand 
and other unconnected substances which we find at the 
surface of the greater part of our continents. We 
have also ascertained, that from time to time, these 
strata, ahready formed and indurated, have undergone 
great convulsions, during which they have, in many 
places, sunk down, leaving only certain eminences, 
(our present mountains) where such disruptions hap- 
pened ; and we may conclude with certainty, from a 
number of phenomena, that it was owing to one of 
these convulsions (the last of which we find traces) 
that our continents began to exist as dry land. 

30. Here then is an uninterrupted series of opera- 
tions, beginning with the production of granite. If 
then the formation of this substance took place at a 
distance of time indefinitely great, all that was neces- 
sarily consequent to it, would also have been termi- 
nated at an indefinite period. But when our present 
continents first appeared, they were covered with the 
huge ruins of the several stony strata, and particularly 
of granite, the shattered faces of which being exposed 
to the action of the atmosphere, would in time crumble 
down, and be reduced to heaps of rubbish. In fact, 
this operation then began ; but it moreover continues, 
and is fer from being near its end. Consequently, the 
formation of the strata of granite, whence this succes- 
sion of operations, the monuments of which we find 
on our globe, commenced, becomes a fixed epoch, 
which, however remote, is at least at a finite distance 
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of time ; that is to say^ which does not reach to the 
" first origin of things,** an expression we sometimes 
make use of, without being able to attach to it any 
sense intelligible to man. This is clearly pointed out 
by facti^ ; and I am now about to show, that phy^cal 
science furnishes us with means of ascending by the 
same road through the whole chain of causes. 

31. There naturally occurs a previous question i^on 
this subject, which it particularly belongs to chymistry 
to explain. Since the formation of the strata of grar 
nite was the first of the distinct operations that took 
place on Our globe, of which we discover any traces, 
and since this must haive been a chymical operation, 
-what was that came, which not ha^ «dLd ^^ 
viously to this epoch, but happening to exist then, was 
of efiicacy to determine this first operation, and pro- 
bably all that followed? The instant this question 
presents itself forcibly to the mind of the chymical 
geologist, setting aside all subordinate and accessory 
causes, he soon discovers one indispensable cause, 
namely, liquidity. In fact, to mix together in impal- 
pable powders ingredients, disposed to unite or de- 
compose each other by their affinities, would plainly 
be altogether fruitless : without liquidity, no efiect 
would ensue ; but as soon as this should be produced, 
the affinities beginning to operate, the necessary re- 
sults would successively take place. I have already 
explained the cause of this in my other works, and I 
bring it forward here as an allowed fact. Thus, then, 
those ingredients, through whose several combina- 
tions, not onlv all our mineral strata with their various 

9 

modifications, but the atmosphere itself, ahd the great 
body of our present sea, (in a word, all that we ob- 
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serve in the whole globe) have been produced, might 
have remained mingled together to eternity, without 
ever changing their state, had not liquidity been intrOf- 
duced But »& soon as this happened, all the chymical 
combinations, of which these several ingredients were 
susc^tible, must have instantly commenced, and have 
continued as long as the combinations, that had 
already taken place, were capable of detennining new 
ones ; and as the several products were susceptible of 
any iiew state or modific^ation. We may therefore 
assuredly set out with this fundamental proposition, 
*' that the precise epoch when all the operations, the 
icnonuments of which remain to us, first began to take 
place, is characterised by this immediate chymical cir- 
cumstance, that then liquidity was first introduced 
among the several substances of which its mass was 
composed ; and that this epoch is at a finite distance 
of time.** 

^2. This in^)ortant conclusion, drawn firom the 
phenomena I have traced out, which afterwards serves 
as a foundation for a natural history of the earth, is 
deducible also firom a great hct, which at first seems 
to be independent of these phenomena ; but which is 
nevertheless connected with them through the same 
causes. The spherical form of tilie earth had long 
ago led to the opinion that its mass had once been in 
a liquid state, at least to a certain depth; and Newton, 
calculating upon this supposition, in combmation with 
the present velocity of the earth's rotation, had found 
that the diameter of the globe between the poles 
ought to be to that of the equator, as 229 to 230. Now, 
in the Transactions of the Royal Society of London, 
for 1791, there is a memoir by Mr. Dalby, in which. 
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by a comparison of the several results of the measure- 
ments of a degree of the meridian at different lati- 
tudes^ he finds, that this determination of Newton is 
confirmed by experiments as fully as could be ex- 
pected firom the latter mode of calculation. Thus 
then it is ascertained, that our globe has actually 
been in a liquid state, at least to a certain depth, and 
that when it became solid in the part which deter- 
mined its form, the velocity of its rotation was sensi- 
bly the same as at present : such is the &ct I wished 
to mention. 

33. Now let us examine what we know of the solid 
portion of the globe, namely, our continents. And 
first, that portion is entirely composed of strata. We 
ftirther know, that the substances of these strata must 
have been separated firom a liquid ; and we have just 
seen, that these operations must have commenced as 
soon as liquidity prevailed on the globe. Now our 
continents have the same form as the liquid mass 
firom which their several strata were separated, namely, 
the sea. I here speak only of the general mass of 
our continents, which from pole to pole^ has sensibly 
the same elevation above the level of the present sea. 
As for the directions of the planes of the strata con- 
sidered in detail, they follow no certain rule : all is 
confused and overthrown, as well in the plains and 
smaller eminences as in the mountains : but this dis- 
order occasions only irregular zigzags in every direc- 
tion, on one general base which bears the form of 
our globe, the larger protuberances of which, namely, 
our highest mountains, observing no latitude or de- 
termined direction, show still more clearly that they 
proceed firom particular causes, independent of the 
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general form of ttie globe. • We may, therefore, state 
our first fundamental proposition in more precise 
terms, by changing it thus : '^ As soon as the mass 
of our globe became liquid, and had by such means 
acquired its present form, the mineral strata began to 
be formed on some solid nucleus,'' of which I do not 
at present design to speak. 

34. We are not confined by any limits, in such re- 
trospective inquiries into the causes of the phenomena 
of the earth, till we get beyond what general physics 
can unfold to us. Thus, we may inquire further, 
t^hatwasthe cause, which, not existing before that 
epoch, began then to produce liquidity among the 
ingredients of which the mass of the earth was com- 
posed ? And here again physical science readily sug- 
gests to us another indispensable cause. Liquidity is 
an e£fect of Jire ; no liquid body assiunes this state, 
except through the combination of a certain quantity 
of fire with its constituent molecules ; and this com- 
1)ination always takes place, in every liquefiable sub- 
^nce, at a certain fixed temperature ; so that all 
Equefiable substances would for ever continue in the 
state of solid molecules, concrete or uncombined, were 
they not to be penetrated by that quantity of fire 
iihich is necessary to their liquefaction ; but as soon 
as sufficient fire is introduced, they combine with it, 
•and liquidity ensues. 

35. In order to apply this physical principle to geo- 
logy, we must further determine what temperature 
was necessary for the production of liquidity in the 
ingredients, of which the mass of the earth consisted ; 
and this we are now enabled to do, by the increase of 
our geological knowledge, which has banished all ideas 
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of the earth having ever been fiised like glass or me- 
tallic substances, except in the case of volcanos. All 
enlightened geok^ts agree, that our mineral strata 
have been produced from a Uquid simply aqueous ; 
consequently our fundamental proportion being thus 
farther determined, may now run thus : ^^ That the 
epoch at which all the operations, the monuments dl 
which remain on our globe, commenced, was,^ that 
when its mass was first penetrated by a sufficient 
quantity of fire, to produce liquidity in the substance 
of water, and to give to the liquid then formed , (con- 
taining the elements of all other known mibatances) 
the temperature necessary for their diymkal combi- 
nations." 

36. Here then is a distinct epoch, which we cannot 
refuse to admit as a fixed point within the earth's 
duration, and which indisputably marks the origin of 
all the phenomena we there observe. But whence 
proceeded the fire requisite to produce this great 
change in a mass of substances, till then incapable of 
any chymical action on each other ? Were this the 
term beyond which our knowledge could not conduct 
us, we should be obliged to pause, and content our- 
selves to descend from thence, to the explanation of 
the known phenomena ; for the certainty of this first 
action of fire is altogether independent of the know- 
ledge of its source ; and we must at last stop some- 
where ia this scale of causes. But neither geology 
nor physics abandon us yet ; nay even, by the pheno- 
mena that the one presents to our observation, and 
the other stands ready to explain, they rather invite 
us to further inquiries. This demands some prelimi- 
nary explanations. 
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37. Previously to the discoveries that have been 
made in modem times^ relative to the chymical effects 
of light, some mathematical natmralists disputed its 
exiistence, and even that of fire, as particidar fluids. 
They had imagined that the phenomena of light aod 
heat, wa'e only modifications of the substances them- 
selves, which manifested them ; certain vibrations of 
their molecules transmitted through a medium, as in 
the case of sounds. They applied the mathematics 
to this hypothesis, in order to explain some particular 
phenomena; and as every thing that appears to be 
deduced from mathematical theorems, easily seduces 
those who do not apply themselves to examine into 
what is considered as data, this theory, which effectu- 
ally barred the road to the most important physical 
researches, met with many supporters. But chymis- 
try and meteorology have now come in to terminate 
this controversy ; and there are at present very few 
philosophers who do not agree, that lucidity and heat 
are the effects of two fluids, namely, light and fire, 
which produce these particular phenomena whenever 
they are at hberty; but which, at the same time, 
possess many other chymical properties, whereby they 
enter into combinations, in which they cease to pro- 
duce those effects, till again set at hberty. It is in a 
great measure owing to these discoveries, that natural 
knowledge has proceeded so rapidly in oiu: age, and 
the present era will probably be as celebrated in the 
history of science as those in which Pascal demon- 
tstrated the pressure of the air on bodies, and Newton 
discovered the principle of gravity. 

38. We cannot make one discovery in chymistry 
that may not tend to the advancement of geology; 
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for^ setting aside the causes of the general pheno- 
mena^ (namely, gravity, cohesion, expansibility, and 
the affinities, considered abstractedly) all the effects 
we see produced on the earth, have been, and still are, 
the results of chymical combinations. Now among 
the phenomena, properly geological, there is one of 
great importance which I have not yet mentioned, 
but which deserves a most attentive examination. It 
is that of light, which manifests itself in several of the 
Bdodifications of mineral substances. 

39. From the first cultivation of ch3rmistry, as a 
science, one of its main objects was the analysis of 
bodies ; that is to say, the investigation of their com- 
ponent principles : a class of experiments and obser- 
vations, which had produced a number of useftd 
discoveries, but which had tended but Uttle to advance 
physical science itself; because the first chymists con- 
tented themselves with the discovery of the fixed pro- 
ducts only, which, by themselves, scarce give us 
any insight into the origin of natural bodies. Our 
progress in this respect has been much accelerated 
in the present age, since chymists have begun to 
examine attentively the volatile products, or in other 
words, the expansible fluids: but this would still 
have been doing little, had not our advances in the 
other branches of natural knowledge led them to the 
discovery, that the phenomena of heat, manifested in 
several of their operations, proceeded firom a parti- 
cular substance, susceptible of chymical affinities, 
namely, j/?r^, the immediate cause of heat. Here then 
is a substance of the highest importance in the com- 
position of bodies; which, nevertheless, escaped our 
notice as long as we were used to estimate and ex- 
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press the amount of their products by their weight 
only. Now^ is it possible to suppose that we have 
hereby discovered all the . imponderable substances 
that enter into the composition of natural bodies^ 
while we continue unable to recompose any one of 
these bodies? Above all^ ought we to neglect the 
phenomena of Ught^ while every thing assures us that 
light is also a chymical substance ? This negligence 
is no longer to be apprehended from our chymical 
philosophers^ to whom these advantages in natiural 
knowledge have already sufficiently shown^ that very 
great chymical effects may be produced by imponder- 
able substances. Thus, from the phosphoric pheno- 
mena of certain mineral bodies^ we have been led to 
acknowledge^ that light has entered as an ingredient 
into their composition; and consequently that its 
influence in the phenomena of geology must have 
commenced from the first production of a liquid^ con- 
taining all the ingredients of those substances^ and 
m which they were formed. 

40. Lastly^ if we examine by the light which has 
been thrown upon this department of knowledge^ the 
relations that subsist between these two primary im- 
ponderable fluids, whose existence is now established 
beyond a doubt, we shall find in them those of which 
chymistry furnishes so many instances, in substances 
entering into the composition one of the other. 
Light frequently does not act sensibly, otherwise than 
as the cause of lucidity ; and fire in the same way^ 
only as the cause of heat ; but at other times, fire, in 
producing heat, produces also in the end its luminous 
effects ; and in some circumstances light, in making 
visible the objects by its reflection^ contributes to the 
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increase of heat. Such phenomena, many analc^ous 
to which are supplied by chymistry, always indicate 
that one of the two substances, the effects of which 
are compared, contains the other which causes it, in 
this imion, to enjoy some distinctive property; but 
which, nevertheless, is susceptible, in cei:tain drcum^ 
stances, of decomposition, thereby leaving the otiier 
substance at liberty to exercise its own peculiar pro^ 
perty. Some, naturalists, and among others, MJVf. 
SenijIbier and Pictbt, proceeding from these analo^ 
gies, had already remarked, that the conformity be- 
tween the effects of light and fire, in certain deter* 
minate circumstances, though the effects peculiar to 
those two fluids are $o very different, in their most 
common phenomena, could arise only from one of the 
following two causes ; either that light contained fire^ 
which in certain drcumstances disengaged itself; or 
that fire contained light, which in certain cases pro 
duced it, and from which it disengaged itself in others. 
This is not the place to discuss that question. I have 
done so in my Id^es sur la Meteorologies and in some 
Letters addressed to M. de la M6therie, published in 
his Journal de Physique, where I have assigned my 
reasons for adopting the last of the propositions of 
this dilemma, to which the whole of terrestrial physics 
leads us. Here then we have a proposition, respect* 
ing which no further doubt can be entertained: 
namely, that fire cannot exist without light. Finally, 
embracing all the modifications of known expansive 
fluids, and all the luminous phenomena of mineral, 
vegetable, and animal substances, we caanot avoid 
perceiving, that the office of rendering objects visible, 
important as it certainly is to us, is yet the least so 

9 
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of an those which light performs among the physical 
operations^ to which the oi^anized beings of our 
globe owe their preservation ; that either alone^ or 
by its combination which produces fire^ it must have 
entered into the composition of most known sub- 
stances on our globe^ and in our atmosphere^ and that 
without it nothing of what we observe on our globe 
would have taken place. 

41* Here then I am content to stop in my enqui- 
ries into this chain of causes^ whence all the known 
phenomena of our globe have proceeded^ because I 
perceive nothing in physical science that can conduct 
us beyond that limit. The link immediately more 
remote ought be the source of that lights which^ by 
its combination with the other elements, points out 
to us^ with such precision, a certain original epoch 
in the history of the earth, and physical enquiries do 
not appear to me capable of ever furnishing the least 
probable conjecture on this head. But this natural 
boundary, at which I feel compelled to stop, occasions 
ndther obscurity nor confusion in the subsequent 
phenomena ; all of which, setting out thence, proceed 
regularly from known physical causes ; and it is even 
from their connection with that first link discoverable 
by physics which I have been tracing, that I conclude 
at length— '^ That nothing of all that we see on the 
globe, could begin to be operated, without the union 
of a certain quantity of light to all the other elements 
of which it was at first composed ; elements which, 
without it, would have exercised no ch)m[iical action 
on each other ; and that accordingly all the known 
geological phenomena date their origin from the time 
of this union." 
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I have now^ Sir^ completed the firdt part of the 
task I imposed on myself^ that of pursumg on paper 
the same anal3rtical method I had observed in our 
conversations^ in order to serve as an introduction to 
an abridgment of the Geological Letters which I have 
addressed to M. de la Metherie^ in his Journal de 
Physique ; though directing my course in a manner 
more precise and conformable to the object of these 
Letters^ namely^ that of demonstrating the agreement 
of nature with faith in the earliest of the divine reve- 
lations. In pursuance of this plan^ I have hitherto 
given an exposition of the true characters of geologi- 
cal phenomena^ and the means which physical science 
supplies for ascending by them to an epoch in the 
earliest periods of the earthy when nothing of aU that 
we observe there had as yet been produced. From that 
epoch therefore I shall set out in the following Let- 
ters, in order to trace from thence the principal events 
which have taken place on our globe ; and I shall do 
so from monuments more intelligible than are the 
greater part of those of the ancient empires on the 
continents which we inhabit. 

I have the honour to be, &c. 
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On the History of the Earth, from the origin of what 
is now observed upon it, down to the production of 
the strata of Sandstone. 



Windsor, September 18, 1793. 

Sir, 

I CONCLUDED my last Letter with this proposition, de- 
duced from the principal geological phenomena, ''that 
nothing of all that we see on our globe could have 
been operated, had not light been added to, and in- 
troduced among thd other elements of which its mass 
consisted ; but that as soon as this happened, the chy- 
mical operations, which have produced the whole of 
the phenomena of geology, necessarily began." Thus 
then it is that nature herself already bears testimony 
to that great command of the Almighty, at the com- 
mencement of the Mosaic narrative : — ^^ Let there be 
light M" 

^ The following passage, (here quoted by the author in a note, of 
which the substance will be given) is extracted from the '' Memoire 
sur les Roches," &c. in the " Journal de Physique," by M. de Do- 

G 
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1. The operations that took place subsequently to 
this great epoch, until the creation of man, recited in 
the first chapter of Genesis, are there divided into six 
periods, called, in our translations, '^ days ;" and upon 
the common interpretation of this word it is, that un- 
believers have founded their most specious objections 
against Revelation. For with a slight knowledge of 
geology, it was easy to oppose many phenomena to a 
succession of such events as would have taken up only 
six of our days of twenty-four hours. But it is evi- 
dent, from the text itself, that this interpretation is 
erroneous ;— for, first, our days of twenty-four houre 
are measured by the revolutions of the earth on its 



iomieu, whom he considered as the naturalist the most deeply versed 
in terrestri^ physics, and whose views on the general principles of 
chymistry, and on important points in geology were conformable to 
his own : — *' With M. de Luc, therefore, I shall say, that there was 
an epoch at which an essential change must have happened in our 
globe, since from such a change has proceeded all that we observe, 
which had not been produced before." In regard to an objection 
which M. Dolomieu afterwards makes, viz. that the simple liqui- 
dity of water would be insufficient to account for the commencement 
of the operations, unless that substance should acquire a princi]^ 
of activity which does not essentially belong to it, our author states 
his belief that M. Dolomieu will find in these Letters sufficient rea- 
sons for believing that liquidity having once been produced in t^ 
mass of elements constituting the globe, by the sole introduction of 
light, as a new chymical ingredient, nothing was wanting for the 
commencement of the operation ; undertaking to show, in a future 
work, that at the period when water acquired liquidity, it also ac- 
quired a principle of activity, by combining with other elements. 

De Luc, however, did not consider water, even after it has ac- 
quired a principle of activity, as the only dissolving agent; he 
maintained that all the elements were reciprocally solvents one of 
another. Ed. 
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axis^ opposed to the sun as a luminous bo4y ; but the 
sun is not mentioned in this relation till the fourth of 
the days in question ; consequently^ they are not days 
q£ twenty-four hours^ hut certain portions of time of 
an. indeterminate length. And it is now long since 
biblical critics and interpreters have observed^ that 
the same word as that in the text is employed in this 
sense in other places in the book of Genesis^ where the 
word morning is put for the beginning, and the word 
ee^;a^ for the end of some period. And this is the 
only way of understanding the description given of 
each of these days : '' And the evening and the morn- 
ing were the first day f and so of all the others : for 
as the interval between the evening and morning con- 
stitutes only a portion of a day of twenty-four hours, 
and not one of those days, while the beginning and 
end of a period render it complete, we clearly see by 
< that difference what must be here the ttmeaning of 
these words employed in the two senses by Moses. 
This is the only remark I had to make upon the text, 
before I entered on the task of showing the astonish- 
kg conformity of our geological monuments with the 
whole of this sublime history, in its precise order ; and 
that the attentive reader may notice this agreement 
(tiibugh henceforward I shall treat this subject only 
as it relates to natural history and physics) I shall di- 
vide into SIX PERIODS, the series of physical operations 
wUdh h^ve taken place upon our globe, from the eac- 
stenee of light, to the appearance of man on our first 
continents. 

FIRST PERIOD. 

2. I have proved in my former Letter, that pre- 

g2 
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viously to the adclition of light to the other elements 
of which the mass of the earth was composed^ every 
thing was in a state of relative rest ; because no affi- 
nity could yet operate ; we can, therefore, consider this 
primitive mass as composed only of various elements, 
without any union among themselves. Now this as- 
semblage of which the earth at first consisted, as well 
as that of the masses of all the great bodies which 
compose the sensible universe, the commencement of 
which is expressed in the first words of Genesis, " In 
the beginning God created the heaven and the earthi" 
cannot be better explained by physical causes, than 
by the addition of light to all those bodies, when God 
said, *' Let there be light f ** All those who have » 
Uvely perception of the sublime, have been struck by 
the grandeur of that introduction to Genesis;, but their 
homage is but faint, in comparison with that rendered 
to it by the advances made in physical science. 

3. Theorists, who in our age have continued to 
seek in matter qualities to which might be ascribed 
the formation of the great bodies in space, no longer 
venturing to uphold the atoms of Epicurus, conceived 
they could substitute for it universal gravity, namely 
that tendency of the particles of matter towards each 
other, to which the phenomena of the fall of bodies 
on our globe, and the persistence of the planets to 
move in their orbits according to certain laws are ul- 
timately resolvable, a tendency which (in opposition 
to the express intention of the great man to whom we 
owe that discovery) they have converted into an es- 
sential quality of matter. I shall not dwell upon this 
preposterous opinion, which ascribes to the particles of 
matter the power of acting where they are not ; an 
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opinion which is more indefensible than the occult 
qualities of the ancients : I shall confine myself to 
showing the total incompetency of the hypothesis^ to 
explain the phenomenon to which it refers. If these 
speculators had consulted the astronomers, to whom 
we must apply in order to learn the degree of force of 
this tendency, considered in each particle of matter, 
they would have taught them that it is incomparably 
too feeble to occasion two particles, moving and meet- 
ing together in space, to remain united to each other; 
because each would continue its own course, only 
with some deviation. Gravity, indeed, retains particles 
near large bodies, but it is by their tendency towards 
ttie whole mass ; accordingly, it would be necessary, 
that this mass should previously exist as such, for the 
particles to be retained ; and gravity alone is incapable 
of producing it. The cohesion and the affinities, ob- 
served in the moon as well as upon our globe, and 
which, doubtless, exist in all the other large bodies, 
are vaguely included in this hypothesis ; but these are 
evidently phenomena resulting from the previous com- 
position of those bodies, after the addition of light : 
for all known bodies, both in the moon and upon the 
earth, in which we find a coherence of their particles, 
as well as all similar bodies of which we witness 
the formation, or which we produce ourselves, are 
diymical productions which have required, and still 
require the presence of fire, in order to produce 
liquidity or the volatilization of the masses, under the 
indispensable influence of gravitation towards a large 
body. Now the large bodies could not have been 
produced by that which conld exist only after their 
production : these are general and invariable princi- 
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pies in physics, deduced from universal observation 
and eiKperience ; every hypothesis that is not grounded 
upon them is whoDy chimerical. Agreeably to liiese 
principles, therefore, we are obliged to acknowled^, 
that the formation of the great bodies in space, couM 
not have proceeded from any known physical cause; 
and we are also led to conclude that before the addi- 
tion of light to those masses, the epoch of winch is 
tiiie begmning of ch}n[nical operations in the universe^ 
they could be composed only of disunited elements, 
which in the sequel I shall designate by the name of 
pultncules. 

4. The light first introduced into the mass of the 
earth did not proceed from any luminous body Hke 
the sun ; for, besides that this would be only remov- 
ing the difficulty further, in respect to the origin of 
light, that substance not being productive of he&t, 
but as it unites itself with the element of fire, if the 
rays of the sun had £allen on this mass, they would 
have been able only to produce fire at the exterior 
part, in uniting with whatever they had there ftiund 
of its elements ; after which their calorific efiect would 
become for ever mill. This is their present effect; 
which, with respect to heat, is confined to repairifig 
the fire which is decomposed, as I shall in the sequel 
explain. Accordingly, the first addition of Kght to 
the other elements of the earth, mtust have been a 
penetration of this substance extending through tiie 
whble mass ; and this penetration, both in regard to 
the earth, and the other great bodies in space, cannot 
be assigned to any known physical cause. 

6. I have already, in iny former Letter, ishown the 
immediate effects of this addition with respect to the 
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earthy naipely^Jjie production of fire by the union of 
)i^t with a . particular elenaent ; the liquelaction of 
water by the union of fire mth the ekmmnt of this 
last, and different chymical eombiuations of light witli 
other elements. , It is^ therefore, jlnpin this point, I 
fiihallirace out the series of operations which thence* 
f&rih took place upon the globe, directing my course 
by geol^cal monuments, and by the general causes 
manifested by physical science. 

6. The element of water existed only down to a 
certmn depth in the mass of the earth, but there it 
was in great abundance : so that immediately after its 
liquefEiction, a confused mixture of all the elements 
was produced, forming a heavy, turbid liquid, from 
which, by chymical operations, all the substances we 
see pn our globe and in the atmosphere, were suc- 
cessively separated. But before we come to these 
operations, we must apply ourselves to consider the 
form which the mass of the earth assumed immedi- 
lately after the liquefaction of water. 

7. 1 have proved in my former Letter, that before 
the production of our. mineral strata,. and, therefore, 
before tixe earth had any solid parts, it had sensibly 
the same form as it has at present : of course, it had 
the sarnie rotatory motion. Now this also manifests, a 
GAUBB independent of matter ; for it is impossible that 
a liquid mass, or one composed of unconnected pulvi* 
cules,. suspended in space, could have acquired this 
motion 'from a shock. A body which should have 
impinged with a force sufficient to produce this effect 
upon a solid mass by striking it laterally, meeting 
with this inadherent mass, would have taken and car- 
ried away (without any resistance but that arising from 
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Ihe vis inertias and a slight degree of friction) that por* 
tion which it should have encountered in its passage ; 
for the tendency of this portion towards the rest of 
the mass^ through the influence of gravity^ would 
have been instantaneously compensated by its ten- 
dency towards the impinging body, to which it would 
have remained united ; and the remainder of the first 
mass would have then recovered a spherical form, with 
some progressive motion, in the direction of that body, 
towards which gravity would at first have impelled 
that remaining mass, while it was near ; but there 
would have been no rotatory motion in that mass (at 
least not sensibly) because all the lesser partial motions 
excited by friction would have been confounded and 
reduced to one, by the return of the mass to its sphe- 
rical form. Accordingly, the earth, the planets, the 
sun, and all the stars, in which Dr. Herschel is conti- 
nually discovering rotatory motion, and of consider- 
able velocity in some, could not have received that 
motion by any known physical cause. 

8. Those who think that motion is essential to 
matter (the favourite atheistical h3rpothesis) have en- 
deavoured to explain the various motions of the pla- ; 
nets, distinct from those which the cause of gravity 
continually impresses upon them, by that meeting and 
union of particles to which they ascribe the formation 
of the great bodies in space ; assuming that the mo- 
tions of those bodies, as well that of rotation as their 
progressive motion, are the mean results of the indi- 
vidual tendencies of the particles to follow their own 
proper motion. I have already shown that gravity is 
a tendency incomparably too feeble to cause the parti- 
cles of matter to cohere; but I am willing hereto 
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grant it this power^ and to confine my observations to 
motion. 

9. Every man of common sense will agree^ and the 
atheists themselves must allow, that this hypothesis 
of essential motion, is nothing more than an expres- 
sion without meaning, till it be determined by an ap- 
plication to some precise phenomenon. Let us then 
apply it to the rotatory motion of the earth — a motion 
which we must be able to explain by this h3rpothesis, 
if we are to attribute it to a physical cause ; since we 
have just seen, that it cannot be considered as the ef- 
Tect of a shock. The hypothesis, that motion is essen-^ 
tial to the particles of matter, necessarily implies an 
invariable tendency of each particle to move with a 
certain velocity towards some point in space, which 
shall be opposite to one of its faces. It will, I say, 
move invariably towards such point to eternity, with 
a determinate velocity, if left at hberty ; this is what 
must be imderstood by an essential quality. If two of 
these particles of equal mass and velocity, meet cen- 
trically as they move in opposite directions and in the 
same line, they will mutually stop each other : how- 
ever, (according to the h3rpothesis) their motion will 
not be destroyed; it will remain in nisu, and would 
recommence if those particles came to be separated ; 
but if they meet obHquely, and unite, they will toge- 
ther follow a middle course between their two parti- 
cular directions, which will make them whirl. This 
is the whole system ; whence it results that in tha 
great bodies of space which have a certain rotatory 
motion, no one particle has lost its own motion ; and 
that thus, for instance, it is the combination of all 
those motions, owing to the coherence of the parti- 
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des, which has produced the rotatory motion of the 
earth, as weU as its progressive motion. 

10. Here then, as in all cases where we shall a^^ly 
that hypothesis to a precise phenomenon,, its &lsity 
becomes palpable ; and first, the earth having the 
spheroidal form which its rotatory motion wwld 
impress on a liquid mass, it must have been liquid, at 
least to a student depth, when it first acquired this 
form. Now it is conti;ary to physics, that the parti- 
cular motions of the particles can combine in a liquid 
so as to create a whirling motion of the . whcde mass ; 
since one of the properties of liquids is. the sl^t 
coherence of their molecules : we ought, theidTore, to 
suppose, contrary to all probabiUty, and in opposition 
to what we know of the chymical operations on our 
globe, which required liquidity, that by the aggre^ 
tion of all these particles in motion, a solid spheroid 
was formed, precisely similar to what would have 
resulted from the same rotatory motion that had been 
impressed on a same liquid mass ; and thus it would 
be, that the solid mass of the earth would be turning 
on its axis, with its mountains and their cr^gy sum* 
mks. But in that case, what would become of any 
fragment broken off from one of these rocks ? To 
examine this matter, let us go back .to the hypothesis. 
—-Each particle retains necessarily its proper motion, 
that is to say, a certain velocity, following a certain 
direction relative to one of its sides : this is essential 
to it, and operates incessantly, even in nim, where the 
motions are counterbalanced. The fragment then will 
also be composed of a certain number of these par- 
ticles, adhering to each other, preserving their proper- 
ties of a certain velocity and direction, and producing 
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iti common a velocity and direction of the smaller 
separated mass ; this ma^ will consequently acquhre 
isuch proper motion, modified only by gravity, from 
the moment it shall be detached from the rock. But 
will this motion be the same as that of the mass of the 
^arth ? Will the motions of all the fragments that 
have hitherto been detached from rocks, as well as of 
those "which are incessantly breaking off, accidentally 
coincide with each other, and with that of the prin- 
cip^ mass ? It would be absurd to suppose it. Now 
all the fragments that have been detached, and are 
daily detached from rocks, have followed, and do 
follow, during their fall, all the motions of the surface 
of the earth, at the latitude in which they happen to 
be. It therefore follows that the particles of matter 
have no peculiar motion of their own, or essential to 
them; all the particles which compose the earth, 
received at first, in common, the impression of the 
motions which the mass preserves, ^xceptmg some 
changes ' produced in the motion of the molecules, 
which, owing to some particular cause, change their 
parallel or distance with respect to the centre: the 
mnaU masses that are detached from it preserve these 
mottcms, unless some new cause should impress upon 
Aem different ones from those, or contrary to their 
tendency towards the mass ; and all naturalists — 
atheists themselves when they are willing to be consi- 
dered as such— are so intimately convinced of this 
tmth, that whenever they observe in masses or par- 
tidies, motions different from those of the earth (which, 
according to immediate perception, constitute the rest 
of bodies upon it) or from what gravity requires, they 
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seek the cause of this phenomenon in some new event 
produced by terrestrial causes. 

11. It is only from a system of physics, as fanciful 
as those whence have been deduced so many errone- 
ous theories of the history of the earth, that some 
speculative men have been led to imagine these essenr 
tial qualities by means of which they have also endea- 
voured to give us histories of the universe ; and these 
chimerical ideas solely obtain among some men, firom 
their being willing to seek in their own imagination 
what physics and geology refuse them, and which can 
be ascribed only to a cause superior to matter. 
Errors are easily imprinted on the memory by words, 
and the imagination readily seizes on them: whilst 
truths, which are facts, with logical deductions from 
them, exact a great degree of attention to produce 
their effect on the understanding ; and to this is owing 
the slowness of their progress. 

12. In following out this series of facts and their 
immediate consequences, I have now established, with 
respect to the first period, from operations of which 
we find the monuments on our globe, that after the 
addition of light to the other elements, proceeding 
from some cause that we cannot trace in physics, a 
rotatory motion, of which we also find no cause in 
matter, occasioned this mass (having yet no solid parts) 
to assume the spheroidal form, which it still retains^ 
A dense liquid occupied at that time the exterior part 
of that spheroid, to a certain depth, and the rest con- 
sisted only of pulvicules without adherence. This is the 
state of the earth, whence I shall now proceed ; and 
the conformity of the geological monuments, with 
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what ought to result from the causes now established^ 
will at every step point out their reality ^ 



SECOND PERIOD. 

• 

13. General chymistry must here be our only guide, 
as to principles ; and it is but lately that it has fiir- 
nished us with any certain lights in regard to these. 
Accordingly, all the systems formerly invented respect- 
mg the most ancient periods of our globe, have 
mutually destroyed each other, and vanished like 
dreams. The first essential step that has been taken 
towards this object, is the general conclusion, deduced 
from the whole collection of facts, after a course of 
long observations*, that all the substances that com- 
pose our mineral strata, must have proceeded from 
chymical combinations in an aqueous liquid. — M. de 
la Metherie was the first that published this general 
idea, in 1767, mixed up indeed with many errors. 
M. de Saussure, after more general and precise ob- 
servations, first conceived the idea, that all the sub- 
stances which he had generally found composed of 
strata, have been formed by successive different pre- 
cipitations from one and the same liquid. Pim' has 
also demonstrated, that these operations must have 
taken place in an aqueous liquid. At length, M. de 
Dolomieu, after having acquiesced, in consequence of 
his own observations in different countries, in the 
system of M. de Saussure, has added to it this mate- 
rial circumstance, in which I entirely agree with him, 
from my own observations, and the whole assemblage 

- ' For further developments of this part of the subject, see " Journ. 
de Physique," vol. xxxvii. (part ii.) p. S30, et seq. 1790. — Ed. 
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of &ct8 ; viz. that there is no operation now taking place 
in the sea^ that bears the 8%htest analogy to those 
productions of mineral substances m strata^ which took 
place formerly on our globe. 

14. It is^ I repeat^ chiefly our advances in chymistry 
which have led to this general conclusion, whence at 
length has resulted a solid base in geology, and which, 
by furnishing us with sound general principles, have 
opened the way to new discoveries. I have treated 
of these principles in several of my Letters in the 
Journal de Physique ; but as one of the most imports 
ant has also been described by M. de Dolomieu, in his 
Memoire sur les Pierres composees etles Roches (in 
the same Journal, May, 1792), I prefer citing him in 
his own words : — ^^ In the analysis of stones (he cih 
serves) it is of more consequence to distinguish and 
specify the sort of association that the constituent 
matters have among themselves, by the intervention 
of some fluid, or by its subtraction, than it is to ascer- 
tain the number and exact proportions of the sub* 
stances discovered by the analyses. For it is more 
the particular state of the combination, than the sub« 
stances themselves, that determines and truly fixes 
the nature of the compounds. It is thus that the 
heaviest stones and the lightest are produced by com- 
binations of the same sensible substances ; thus also 
the hardest and most tender ; those the least liable to 
be acted upon by acids, and those most readily affected 
by them ; those that are decomposed the most easily, 
and those that are the most durable ; those on which 
fire has but a slow effect, and those which may be 
most rapidly fused. In a word, the stones the most 
dissimilar in external appearance, are found by ana- 

9 
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lysis to consist of the same constituent parts ; which 
proves^ that ch3nEnistry mQ be but a feeble assistant to 
lithology^ as long as it confines itself to the weighing 
of the substances we extract^ n^lecting the most im« 
portant circumstence^ those which have had the 
greatest influence in their combinations^ and which 
are ther cause of a certain stone being really difierent 
from another/ tliough the component matters may be 
nearly similar/' 

These general remains are the result of a number 
of instances cited by M. de Dolomieu^ and It is also 
what eveiy attentive naturalist would conclude^ from 
the singular resemblance there is to be found be^ 
tween the lists of the ingredients that indicate the 
products of the analyses of very diiferent mineral 
sobstance&L 

16. From these considerations^ which had also 
struck me for a long time, and which I had already 
alliided to in my " Lettres sur I'Histoire de la Terre,'* 
M« Dolomieu and myself first arrived at the same 
general theory of chymical precipitations, the funda* 
mental principles of which are to be found in our 
respective Memoirs, in the ^^ Journal de Physique,** 
ar^ of which I will give an abridgment. There are 
many distinct operations in the formation of sensible 
solids, produced by chymical precipitation in liquids. 
The first operation, thongh the most hidden from our 
immediate observation, is, nevertheless, that with' 
respect to which physical science supplies us with the 
most certain princif^s. It is the transformation of 
liquid molecules into solid molecules, without any 
change of temperature. Liquidity is now very well 
defined in its characteristics, and we know that it de- 



06 LETTER IIL 

pends on the union of fire with the molecules of cer- 
tain substances^ an imion which takes place at a fixed 
temperature in each, and which ends when they are 
cooled below that temperature. This union mtist 
cease, or change its nature, before such molecules 
cease to be proper for liquidity, and become fit for 
the production of a solid. As long as no change hap- 
pens in the nature of the molecules of a liquefiable 
substance, it is liquid above a certain tettiperature, and 
solid below it: but if it happens that there be any 
addition to, or subtraction firom, certain ingredients in 
the liquid, the effect may be the formation, in greateif 
or less quantity, of molecules, which have no longer 
the property of forming a liquid at the same tempera- 
ture, nor even in certain cases at any temperature^ 
unless they undergo some new change. This is what 
I understand by the formation of solid molecules in a 
liquid, an operation, the principles of which are very 
clear in physics. Now the particular affinities which 
act in this first step of every chymical precipitation^ 
distinguished in the same manner by M. de Dolomieu^ 
are called, in his Memoir, the affinities of compo- 
sition. 

16. Thus then must commence, before we can per- 
ceive the change, the precipitations of solids in 
liquids ; and there already molecules are formed^ 
which, with the same ponderable ingredients, such as 
we at last find them in our analyses, shall, neverthe- 
less, compose very different solids ; and when we study 
the whole of those phenomena together, we are led to 
think, that the ingredients, the absence or presence^ of 
which contributes to determine this first act, are of a 
nature to escape our immediate observation. These , 
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solid moleeuliBS have different forms, as well as different 
ch3rmical affinities, which act hy determined faces; 
and thus it is that the solids that proceed from them 
have themselves either certain regular forms, as in 
crystals, or a certain grain and particular appearances 
in their fractures, as we find to be the case in all mine- 
ral substances. New affinities therefore begin to act ; 
namely, those which the molecules have acquired by 
their composition, and which act either upon each 
other, or together with other substances, whether 
simple, or previously compounded; these are what 
M. de Dolomieu calls affinities of aggregation. Now 
although there can be no doubt respecting the distinc- 
tion of these two acts in the production of sensible 
solids, we are unable to ascertain if it is in the latter 
or in the former th$it those solids acquire the proper- 
ties by which we see them produce or absorb, during 
the process of analysation, certain expansible fluids, 
known indeed in regard to their external properties, 
but the composition of which is still very obscure, as 
is rendered more and more evident by the differences 
of opinion in regard to them. Lastly, the aggregation 
itself is of two very distinct kinds, proceeding likewise 
from the nature of the first solid molecules formed in 
the liquids^ although with the same ponderable sub- 
stances, which will at length appear in our analyses. 
One kind of these aggregations produces immediately 
large solids, more or less regular, namely, crystals, or 
confused crystallizations of different forms ; the other 
kind produces nothing at first but powders or grains, 
which fall to the bottom of the liquid ; and this last 
kind divides itself also into two sorts, in one of which 
the little solids remain disunited, and in the other 

H 
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they have the property of consolidatuig in larg^ 
masses, by resting at the bottom of the same liquid; 
It is this last kind of aggregation which has produced 
the greater part of our stony mineral strata. 

17. Our chjomcal analyses are, doubtless, much 
superior to those that were made prior to our age ; 
for now we not only collect all the coercible fluids 
which disengage themselves from the substances we 
analyse ; but we are able to detect such of these fluids 
as unite themselves vnth them ; we distingui^ these 
fluids from one another by fixed characters, and we 
determine, by weight, their quantities ; but we are 
still ignorant, first, at what period of the formatioii 
of the analysed solid it had acquired the faculty of 
producing or absorbing these fluids ; secondly, whether 
the fluids, which disengage themselves during the 
analysis, really entered into the analysed substance^ 
in the condition we actually observe them at any 
period of its formation, or whether they are not new 
productions of the analysis itself; thirdly, whether 
the fluids that we find to be absorbed during the 
analysis are actually the same substances, similarly 
composed, which the original liquid must have parted 
with, in order to produce the solid we are decompos- 
ing ; or whether some one of the products of the 
analysis is not a new compound formed by means of 
these fluids ; fourthly, and lastly, we are not autho- 
rized to believe that fire and light, detected during 
their disengagement or absorption by properties which 
manifest them to us, are the only incoercible and 
imponderable substances, which are absorbed or dis- 
engaged during our analysis. Every chymical natu^ 
ralist, who will examine, under all those points of 

9 
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new, the analyses, which have hitherto been made of 
mineral substances, either of our strata themselves,^ 
or of their different veins, will, doubtless, be convinced 
that we are absolutely incapable of determining all 
the ingredients of which these substances are com- 
posed, and the manner in which they are combined : 
and we have a general proof of this incompetency, in 
the fact that we are unable to recompose almost any 
of those substances with the ingredients obtained in 
our analysis. 

18. It is, therefore, with great reason^ that M. de 
Dolomieu has observed, in the passage cited above, 
" that chymistry will be but a feeble assistant to 
lithology, as long as it is confined only to weighing 
the substances we extract; and it is on the same, 
ground that, separately, we have both arrived at this 
conclusion, that, in the present state of things on our 
globe, we should se^k in vain for a menstruum, in 
which our mineral substances have once been dis- 
solved ; since originally there existed simple elements 
only, while, at present, we see nothing but compounds, 
excepting light and water ^ the only simple substances 

^ Respecting tke nature of water, it will be seen, on referring to 
llie author's work, entitled, " Introduction k la Physique Terrestre 
paries Fluides Expansibles," vol. i. ^. 185, 188, that he has ascer- 
tained that the presence of hydrogen gas is not indicated in the strata 
of the atmosphere in which rain is produced. He hence draws the 
conclusion that " water is a simple substance, in opposition to the 
ttodem system of chymistry, which assumes for its foundation that 
vater is a compound of two substances, termed by the authors of 
tbe theory, hydrogen and oxygen." Likewise, in a Memoir inserted 
in the xxxiiid. vol. of Nicholson's Phil. Journal, and which contains 
an account of his various meteorological experiments, De Luc has 
shown that rain is not produced by a moisture actually existing in 

H 2 
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we are capable of observing. At first, there was 
on our globe neither menstruum nor solvend ; there 

the atmosphere, and that it must therefore proceed from a decompo- 
sition of the atmospheric air itself, a fluid std generis^ the ponderable 
part of which must be water. In sections 26, 27, of that Memoir, 
he, in like manner, adduces reasons for believing that the theory of 
the composition of water is grounded upon unwarrantable hypothe- 
ses ; that, from observations made by M. de Saussure and himself 
in the Alps, the more we ascend in the atmosphere, the drier the 
air is remarked to be, and that it is, nevertheless, in the upper strata 
of the air that rain is formed. Consequently, rain is not aqueons 
vapour condensed, but air itself. Clouds, rain, hail, and thunder, 
says De Luc, are produced in certain strata pf the atmosphere which 
were dear a moment before, and in which one cubic foot of air did 
not contain above two grains of water. 

In consequence, therefore, of his meteorological observations, the 
author was led to consider the gases proceeding from the decom- 
position of the aqueous vapour, by the incandescent tube, only as 
modifications of the water, by the imponderable fluids constituting 
those gases ; accordingly, the water being the ponderable part, re- 
sumes its primitive state, at the time of the disengagement of the 
principles of the two gases, by the electric fluid. He conceived that 
the hydrogen and oxygen gases contain separately the water itself 
combined with some other substance, different in each of them, and 
to which their distinctive characters are to be ascribed. See " Jour- 
nal de Physique," vol. xxxvi. p. 146. Lettre a M. de la Metherie 
sur la Nature de TEau, du Fhlogistique, des Acides et des Airs. 
Janvier, 1790. 

In his " Traite Elementaire sur le Fluide Electrico-galvanique,'' 
De Luc has more particularly shown that " every chymical theory, 
which does not include the atmospherical phenomena, must be arbi- 
trary, and liable, accordingly, to be contradicted by new fects." 
The following sunmiary of his meteorological theory and its 
foundations, is given in his Introd. k la Physique Terrestre, && 
vol. ii. p. 438. : — 1. Rain, being a mass of water which is detached 
from some stratum of the atmosphere, can proceed only from a 
ponderable fluidL 2. Setting aside the small quantity of aqueous 
vapour which still subsists as such, and the quantity, equally 
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was formed on it a confused assemblage of elements^ 
in a liquid^ of which water was the base ; and it is 
from this first mixture that all substances whatsoever^ 

small, of some ^ases, there is no ponderable fluid in the atmosphere, 
excepting water itself. 3. Aqueous vapour, however, is constantly 
rising in the atmosphere, and the mass which it adds to the latter, 
compensates that which it loses by rain. 4. It is therefore necessary, 
whatever may be the particular manner of it, that in the interval be- 
tween the ascent of the vapour and the fall of the rain, the vapour 
should change its form, and be converted into air, and that it should 
resume its first state when the clouds and rain are forming. 

Several able naturalists, among others. Prof. Lichtenbero, and 
M. J. A. de Luc, nephew of the author, have concurred with him 
in his views and conclusions on this interesting subject. ** To what 
purpose is it," asks the professor, '' to conceive that we can explain 
the production of some ounces of water in the mutual decomposition 
of two gases, if we do not account for the thousands of quintals of 
that liquid separated from time to time from some stratum of the 
atmosphere, which, previously to the formation of the clouds, mani- 
fested, by the hygrometer, the presence of some grains only in a 
cubic foot." Such, certainly, remarked the author, is the problem 
which pneumatic chymistry must resolve. In order, it was said, to 
judge of the value of the new diymical theory, it must be consi- 
dered in its relations with the phenomena of nature. If any of those 
phenomena be in contradiction with the principles on which it is 
founded, the cautious and attentive philosopher will be distrustful of 
a doctrine* the application of which to physical science could serve 
only to multiply error. 

" Many experimental philosophers," says De Luc in the Memoir 
above quoted, ** have abandoned the fundamental part of that theory, 
die composition of water : and, indeed, one of its first inventors, with 
whom, having seen his experiments, I had acquiesced in his conclu- 
sion, and for a time maintained it, I mean Dr. Priestly, caused me 
himself to abandon it, on account of new chymical results obtained 
in his experiments, which he opposed to M. Berthollet." It will 
be perceived from this passage, that Cuvier was in error when as- 
serting in his biographical memoir of Priestly, that "his new writings 



102 LETTER III. 

on which we at present make our observations and 
. experiments, were successively separated. . It is, there- 
. fore, only from the general principles which physical 
science has deduced from chjonistry, added to the 
examination of our globe, and not from the very 
limited phenomena produced in the actual state of 
. terrestrial substances, that we must trace those first 
modifications of their elements, the products alone of 
which remain to us. The general causes, as well as 
their effects, remain the same under similar circum- 
stances ; but by their own operations, circumstances 
have so materially changed, that we are now able to 
determine the genera only, and not the species, of 
their former effects. 

19. The first separation of substances which took 
place in the primordial liquid, served as the prepara- 
tory step to many successive effects : ' a great quantity 
of solid molecules, which, in their first state, were too 
heavy to remain suspended in the liquid, and there 

did not bring back to his opinion any of those who had abandoned 
them." Edinb. New Phil. Joum/ Vol. III. p. 220. 

In three Letters, addressed to M. Fourcroy, inserted in the Jour- 
nal de Physique, (1791,) De Luc assigns his reasons for oonsideriDg 
the modern chymical theory as hypothetical and improbable ; and 
while he admits the fundamental facts, and also the drcumstanoes 
presented with them by its authors, he further undertakes to show, 
entering into minute details, that the tlieoretical consequences de- 
duced from them, must be rejected. See Tom. xxxviii. pp. 460. et 
seq. xxxix. p. IL et seq. and p. 117. et seq. See likewise, on the 
same subject, the nine first, and the fifteenth, of a series of Letters 
addressed to M. de la Metherie, Journal de Physique, Tom. xxxvi. 
xxxvii. and xxxviii. (1790 and 1791); and two Dissertations, en- 
titled " Memoires sur la nouvelle Theorie Chymique," inserted in 
the " Introduction k la Physique Terrestre par les Fluides Expan- 
sibles," Vol I. Paris, 1803. Ed. 
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undergo all the transformations of which they were 
susceptible^ subsided and accumulated at the bottom^ 
on the mass of pulvicules^ and thus produced a very 
thick bed^ of a sort of slime or mud^ mixed with the 
liquid ; while the mass of the remaining liquid still 
contained all the' ponderable substances of our strata, 
as well as the mass of our present sea, which it far 
exceeded in quantity. Then commenced a long series 
of operations, by means of which that liquid under- 
went successive changes, without the possibility, 
through any natural cause, of returning to any of its 
preceding states; without the possibility even of a 
similar composition being ever renewed in any na- 
tural case, or imitated by art ; for the causes of the 
chymical precipitations which took place in it, ac- 
cording to the general laws of .a£Snities, depended 
upon the primordial state of the terrestrial elements. 
New combinations were required in this liquid in 
order successively to separate from it the solid 
substances which have produced the succession of 
pur different mineral strata ; and those changes could 
be occasioned only by new substances which arose 
from the bottom ; at first, firom the mud, afterwards 
from the pulvicules when they were penetrated by 
the liquid. And the ascension of those ingredients 
was followed by the emission of other ingredients of 
numerous kinds, which, united to fire and light, were 
disengaged from the Uquid under the form of expan- 
sible fluids. Thus the formation of the atmosphere 
proceeded simultaneously with that of the mineral 
strata ; it was composed of a multitude of different 
kinds of fluids, but its sensibly ponderable mass was 
formed of water, whether under the state of simple 
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vapour, or changed into aeriformed fluids by the 
union of other substances. We shall hereafter have 
proofs of such a formation of the atmosphere, and of 
the changes in its state, in proportion as the liquid 
changed in consequence of new precipitations ; but 
we may already conceive, that the elements, the first 
general combination of which formed that primordial 
liquid, having undergone numerous other successive 
combinations, owing to a first arrangement of circum* 
stances which then only existed, — and being, under 
these new forms^ separated in the different mineral 
strata, in the water of the present sea, in the interior 
of the globe and in its atmosphere, could no more 
combine to produce a state similar to the first, without 
the express will of the Supreme Being, who ordained 
their first arrangement. In vain, therefore, should 
we seek to determine the specific operations which 
have brought the globe to its present state ; but the 
operations of general causes are suflSciently well 
marked. 

20. The first result of this series of combinations, 
was the simultaneous precipitation of the different 
crystals of granite, as well as that of various sub- 
stances, which, in our analysis, )deld nearly the same 
ingredients, and are intermingled with the strata of 
granite. These first precipitations, as well as all that 
followed, were subject to suspensions and renewals; 
for, after the separation of a certain quantity of solid 
molecules, at the upper part of the liquid, occasioned by 
the disengagement of the expansible fluids, it required 
some time for this part of the liquid to recover the 
same state, by new ingredients ascending from the 
bottom. It is owing to these interruptions (ofl;en 
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accompanied with some local changes in the liquid) 
that we frequently find such sensible differences in 
the size^ colour^ and proportion^ of the different crys- 
tak in strata of granite, immediately incmnbent on each 
other; that even different kinds of crystals are found 
in them^ and that the granite strata are sometimes 
separated by other strata composed of one or two of 
the substances common to granite^ with other varia- 
tions in the mode of consolidation. 

21. These first precipitations formed a very thick 
crusty entirely surrounding the globe^ a circumstance 
discoverable from the great chains of mountains^ 
where portions of that crust have been thrown up by 
catastrophes^ the cause of which will be hereafter de- 
termined. We find no vestige of organized bodies in 
these strata ; none^ therefore^ existed in the liquid at 
the time it thus covered the globe ; and it was already 
surrounded by a thick atmosphere^ composed of a 
multitude of substances^ but the principal mass of 
which was water \ 
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22. After the liquid had parted with those sub- 
stances^ of which the strata of granite and others ana- 
logous to them were formed, new kinds of expansible 
fluids were disengaged from it ; whence resulted new 
combinations of solid molecules, followed by precipi- 
tations, very different from the former ; these are what 
produced the gneiss, the wakkes or grey-rocks, the 

^ See further on this subject, Journ. de Physique, Vol. xxxvii. 
(part ii,) pp. 334—341 . Ed. 
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primordial schists, and the different Idnds of other 
strata we find intermixed with those. It is still, prin- 
cipally, in the great chains of mountains, that we 
observe these accimiulations of strata, and we usually 
find them resting one against the other, and all of 
them in common against the granite. Such are the 
strata, which, (including granite) have for some time 
been distinguished as primordialj because they contain 
no vestige of organized bodies. 

23. Before I proceed further in the detail of the 
distinct strata of the different periods which I sbsSi 
describe, it is necessary more precisely to explain the 
causes of the variations in their species, as well as the 
causes of the catastrophes they have undergone. I 
have just observed that it is principally in the great 
chains of mountains, and consequently in the present 
most elevated parts of our globe ^ that we find the 
strata hitherto enumerated, which, however, were 
formed the first at the bottom of the liquid ; but in 
their present state they are no longer either regular 
or horizontal, they are broken and thrown up ; and 
they are considerably above the level of the residue 
of the liquid in which they have been formed. It is 



^ It has been now ascertained that the primary rocks are to be met 
with at all levels, down to the sea-coast. They are found at the ex- 
tremity of Cornwall and Britanny, in the island of Guernsey, in the 
bay of Dublin, on the coasts of Norway, in the strait of Messina, at 
the two extremities of the chain of the Pyrenees, and especially to- 
wards the Mediterranean, where the granitic belt extends to the sea. 
They are likewise observable on the coasts of Baffin Bay, on that 
part of the coast of North America discovered by Captain Franklin, 
at the Cape of Good Hope, on the coasts of New HoUandi and Van 
Diemen's Land. — Ed. 
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in the greater sections of these vast eminences^ that 
we can trace the succession of those different strata^ 
which, were it not for the mountains^ and some of our 
hills, would have been absolutely unknown to us; 
though from other phenomena dependent on the same 
causes, we may be assured that they exist under every 
part of our soil ; as well as many other species of 
strata formed subsequently to these. The successive 
changes in the nature of our strata, and the catastro- 
phes they have undergone, are the two most important 
geological phenomena we have now to consider ; for 
it is their causes, which, from the formation of the 
granite to the present state of the earth, have, by their 
alternate operations, impressed on these all the cha* 
racters we observe in them. I, therefore, now pro- 
ceed to state my general views respecting these causes. 
24. I have observed, that the first of the strata we 
are acquainted with, namely, those of granite, and 
pthers <^ the same kind, were deposited on a great 
accumulation of mud intermingled with a Uquid. This 
liquid gradually filtrated into the mass of pulvicules, 
and there produced subsidences, as we see to be the 
case with heaps of sand or other powders when we 
pour water on them. These pulvicules were of dif- 
ferent species ; so that the infiltrated liquid produced 
in them here and there particular combinations, 
whence proceeded, by degrees also, great and hard 
masses variously ramified, as we find in a number of 
disunited or loose substances, such as sand, clay, and 
many earths and calcareous sands. These consoli- 
dated parts, not subsiding at first, formed supports for 
the crust of the strata, which thus preserved for some 
time the same level, although by the subsiding of the 
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pulvicules in their intervals, caverns were formed^ in 
which expansible fluids were collected, produced by 
the ch}rmical operations within. But when the sub- 
siding of the pulvicules came to extend even under the 
foundations of the solid masses that formed the parti- 
tions of the caverns, these masses themselves sunk 
down ; and the crust losing its support, broke and 
subsided to a greater or less extent At every such 
event, a part of the liquid rushing into the caverns, 
drove out the expansible fluids confined there ; and 
these, impregnating the Uquid above with fresh ingre- 
dients, occasioned a change in the chjonical combi- 
nations ; then some new species of expansible fluids 
disengaging themselves at its surface, produced new 
kinds of precipitations. These successive absorptions 
of the Uquid which diminished its mass at the exterior, 
renewed the caverns, by producing new subsidiences of 
the pulvicules ; and as the successive infiltrations were 
of different natures, because the external liquid was 
more and more deprived by precipitation of its primi- 
tive ingredients, there was produced each time some 
new species of expansible fluid within ; and then again 
new combinations in the liquid above when these 
fluids ascended thither. 

25. Such is a general sketch of the causes that 
operated in succession for a long time on the globe, 
internally and externally ; they aU have their founda- 
tions, by general analogy, in known phenomena ; and 
I have already shown, that we have no reason to 
expect, that the operations of those times can be 
explained by specific analogies with what we observe 
in the present state of the earth. These causes then 
have, a priori, all the foundations of which they are 
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susceptible ; and I shall confirm them d posteriori, by 
showing the way in which they explain^ in the same 
general terms^ all we observe upon our globe. 

26. After various catastrophes happening to the 
crust, still entirely covered by the liquid, catastrophes 
during which such of its parts as had been supported 
by the partitions of the caverns, retained then- primi- 
tive level, thus forming chains of eminences or moun- 
tains, at the bottom of the liquid, an epoch at length 
arrived, when, in consequence of some very great sub- 
sidences of the piilvicules, the foundations of the par- 
titions of the caverns being undermined, at the same 
time through a great part of the globe, the crust sunlc 
down through the whole of that extent. This is the 
first general revolution that has left deep vestiges upon 
our globe ; since it is that by which its surface first 
became divided into sea and dry land ; for then the 
whole of the liquid, which remained at the exterior, 
gathered on the depressed part, and the rest of the 
crust remained supported near its first level. 

27. It was thus then, that the first continents were 
formed, which were probably greater than ours ; and 
though since then they have disappeared, we are as 
well certified of their existence in those times, as we 
are of that of any ancient city, attested by its remains ; 
this I shall prove in its place. These continents had 
mountains formed under the waters by the catastro- 
phes that I have just mentioned ; and they continued 
a long time at the same level, partly because they 
were disburthened of the weight of the liquid, and 
partly because by these means the liquid could no 
longer pass immediately into the pulvicules beneath. 
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to undermine the cavemSj and sap the bases of their 
partitions. 

28. Besides those dry lands^ forming large conti-* 
nents^ other parts of the crust remained at their first 
levels in that portion of the globe to which the liquid 
retired, and there formed a number of islands and 
peninsulas. Vegetation then began to take place on 
these dry lands ; btit the vegetables of this period^ in 
which the sun did not yet shine on the earth, were 
very different fix)m those that exist at present; we 
know them from their remains found buried in the 
later mineral strata : it is from them in particular that 
our beds of coal have proceeded, as I will explain in 
its proper place. 

29. This epoch is still frirther remarkable, in that 
the mass of our continents, the foundation of which 
was already laid by the primordial strata, continued 
to increase, and underwent the greater part of the 
catastrophes of which it bears the marks, imder the 
waters of the sea which was then forming. This bot- 
tom consisted at first only of the primordial strata^ 
already much broken ; principally, because in the de- 
pression which the crust underwent, it was arrested 
on the tops of the walls of the caverns, when after a 
first subsiding, which occasioned the general falling in 
of aU that portion of the crust, they ceased to sink 
further into the loose substances ; it broke off, at these 
pomts, and thus were formed the rudiments of our 
great chains of mountains. At these points also the 
strata split in every direction, and their fissures 
became the nests or seats of our metallic and mineral 
veins, as I shall explain in time. A great part of the 
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liquid again introduced itself through the fractures of 
the crust into the interior of the globe ; which circum- 
stance contributed to sink its level relatively to the 
parts which had not yet sunk ; at the same time that 
it produced in the interior^ fresh depressions of the 
pulvicules and new chymical operations. The expan- 
sible fluids^ which at that time occupied the caverns; 
compressed by the subsiding of the crust and liquid, 
and rushing out with the utmost impetuosity^ through 
the several crevices, detached and carried before them 
a multitude of fragments, which being scattered over 
the bottom of the sea, and afterwards mingled with 
other substances, formed those of our brecciated or 
pudding-stones, the enclosed pieces of which are pri- 
mordial stones, and which are covered by new strata. 
Lastly, the external liquid becoming impregnated with 
l^e new fluids, precipitations of a new species were 
prepared in it, which soon formed a considerable mass 
oi new strata ^ 



FOURTH PERIOD. 

30. The principal change which distinguishes this 
period, is that of which the explanation and the proofe 
require the amplest physical details, as it compre- 
hends all the modifications of fire and light. But 
these details cannot find a place in a mere abstract, 
since they alone constitute an essential portion of se- 
remlof my works; I am, therefore, once more obliged 

* See " Journal de Physique," Vol. xxxvii. (part ii.) pp. 341 — 
$4S. 
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to refer you to them, or at least to my tenth Letter in 
the Journal de Physique, which contains the physi- 
cal principles relative to this subject, and shall here 
Conine myself to a simple outline. 

31. I have laid it down, as the first foundation of 
geology, that at the beginning of all the operations, 
of which we find traces on our globe, the body of the 
earth received a certain quantity of light, which pro- 
duced a degree of heat in the whole mass, probably 
greater than the present temperature. This first 
degree of heat, however, must necessarily have been 
diminishing during every operation in which fire and 
light were concerned, by their entering mto chymical 
combination with other substances, and by the decom- 
position of fire, m which Kght escaped. These, also, 
are the only causes by which the globe could lose 
heat ; for neither fire, nor the substance which in its 
composition is united to light, can quit it to pass into 
space, because they are retained near it by gravity. 
But as soon as fire is chymically combined with other 
substances, it ceases to produce heat : and this pro- 
perty it loses also when it is decomposed ; for then 
the light, which gave it the power of expansion, be- 
comes free ; and the motion of light is so rapid, that 
it darts into space notwithstanding gravity. Light, 
therefore, cannot be retained by any globe, be its 
mass ever so great, except it be chymically combined 
with some substance ; but there is no known sub- 
stance susceptible of so many various combinations ; 
it is found in almost all terrestrial substances ; and 
all the expansible fluids manifested by meteorology^ 
fluids which were first formed during those operations^ 
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>wed to it immediately or mediately by fire^ their 
expansibility. 

32. Such then were the causes by which our globe 
gradually lost a part of its first degree of heat ; and 
vrhich made it necessary to the production of new 
combinations in the liquid^ that it should receive 
llienceforward a new and constant supply of light at 
the exterior. Now, here is the epoch at which hap- 
pened this great change in the causes, which I will 
iBrst explain, and then proceed to the effects. 

33. At the same time that the earth acquired it^ 
first supply of light, the sun, which, before that epoch, 
was yet only as the earth, a distinct mass in space, 
received an immense proportion of light, by which 
ehymical operations began in Uke manner to take place ; 
but this mass being in its nature very different from 
that of the earth, the ehymical combinations in it were 
also very different. Liquidity was, indeed, introduced, 
as in all the other great bodies of our system, and 
then also it was that they all assumed the spheroidal 
form by means of gravity and a rotatory motion; 
but with regard to the sun, all that we yet know of 
the ehymical operations which took place in its mass, 
is^ that at the end of a certain period it began to be 
decomposed, as is the case with our phosphoric sub- 
stances, and that from that time it has continued to 
throw out light. Such is still the state of the sun ; 
it is an immense phosphoric body, which by suc- 
cessive ehymical operations continues to be decom- 
posed. The progress of observation, for which we are 
chiefly indebted to Dr. HerscheU, has moreover taught 
^8 that its decomposition constantly renews an atmos- 
phere, from which afterwards light is detached by 
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a new decomposition^ of the nature of those that pro- 
duce our luminous meteors of different kinds : inso- 
much that what are called spots of the sun^ are parts 
of that atmosphere^ which^ either not being yet decom- 
posed^ or ceasing for a time to throw out light, enable 
us, in consequence of their transparency, to perceive 
the solid and opaque mass of that body, the light of 
which is not at first disengaged in a liberated state^ 
and in which there is no reason whatever to believe^ 
as it was formerly, that there prevails an intense heat 
These observations of Dr. Herschell, the details of 
which I have learned from him, form an important 
step in physical astronomy. 

34. I have shown above, (§ 4.) that it would have 
been useless,, with respect to the earth, that the sun 
should have existed, as a luminous body, previously 
to the operations I have hitherto described; for it 
would never have been able to communicate heat to 
that mass, had it shone to eternity : but it is com- 
petent to support the heat already existing, for, as I 
have said above, the substance of fire is preserved to 
our globe by gravity, and the quantity of that fluid 
cannot be diminished but by decompositions at the 
surface, where, in the mean time, the rays of the sun 
are continually recomposing it ; just as fresh supply of 
fire recomposes the aqueous vapour, which had been 
decomposed by losing that which had produced it^ 
The rays of the sun also tended to forward many 
changes on the earth ; but this is not the fit place to 
speak of them ; I shall come to them in their course, 

* See further on this subject, Journal de Physique, Tom. xxxvii. 
Part II. pp. 343—351. and 441—446. 

9 
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by following the facts* What we have at present to 
consider is, the effects produced by the solar rays in 
the liquid, by penetrating it in consequence of its 
transparency; effects, which are marked by very 
distinct monuments, as I shall show under the fifth 
period. 

35. Thus, since the epoch when the sun first began 
to act upon the earth, the decomposition of fire, as 
well on its surface, as in its atmosphere, and the dis- 
engagement of light by other decompositions, were 
successively repaired by the rays of this celestial body. 
There is, nevertheless, some reason to believe that the 
globe still gradually lost a part of the heat that it then 
retained ; as both fire and light continued to exercise 
their action in the successive operations that took 
place during that period of time, as well in the liquid, 
as beneath the strata. But when all these operations 
were terminated by the production of our continents, 
(an epoch from which we are here still far distant) and 
those which succeeded them on our globe, were re- • 
duced to the present alternations, at present subsisting^ 
which follow the vicissitudes of day and night, and of 
the seasons, the equiUbrium of temperature which we 
observe, was established, and this probably will con- 
tinue as long as the sim shall continue to throw out 
the same sensible quantity of Ught. This is all that a 
mere abridgement can reasonably contain respecting 
the modifications of fire and light, and their effects, 
both past and passing, on our globe : the physical 
principles of this exposition have their general proofs 
in the works I have quoted ; and the following series 
)f facts will confirm them. 



i2 
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FIFTH PERIOD. 

36. After this great change in the terrestrial causes, 
the precipitations from the liquid varied considerably, 
and for a long time a new kind took place, which were 
deposited in strata, upon the primordial schists : these 
are the strata of gre}dsh hard limestone, the greater 
part of which are very compact, but which are also 
sometimes laminated, and which we see principally 
in the great chains of mountains, where they are ordi- 
narily thrown up, and rest against the primordial 
schists ^ I have described these beds in my Eleventh 
Letter to the Journal de Physique, (vol. xxxvii.) 
quoting M. de Saussure for the Alps, and M. Pallas 
for the mountains of Asia ; which serves to show the 
generality of the phenomenon. 

37. It is in these beds that we first find vestiges of 
animals, and these are the remains of marine animals : 
it was therefore in this period that the sea began to 
be inhabited. But we shall see, as we proceed, that 
all the organized beings, vegetables as well as ani- 
mals, whether marine or terrestrial, underwent great 
changes, in proportion as the liquid of this sea and 



^ Our author comprises the transition clay slate in his primordial \ 
schists, as was usual in his time. Werner first introduced the . 
class of transition strata, which are intermediate formations between ] 
the primitive and the secondary. In those formations we already 
begin to observe traces of organic bodies ; thus, in the Alps, die ] 
transition clay slate exhibits, in many places, impressions of vegetables 
which are at least as ancient as the first vestiges of marine animals; ] 
and it is easily conceivable that thjs must have been the case, since 
animal life could not have been sustained without vegetables. Ed. 
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the atmosphere varied^ as much from the series of 
chymical operations that formed the succeeding 
strata^ as from the revolutions which the bottom of 
the sea underwent ; so that, through the whole of 
this process, there will be every where observed, con- 
nected with physical principles derived from expe- 
rience, phenomena of different kinds, which were 
very obscure, as long as they were considered sepa- 
rately, but which, in their union, all flow from the 
causes indicated by these principles. 

38. By these new strata, which form a very consi- 
derable mass, the crust which had been broken in the 
great revolution of the third period, when the surface 
of the globe came ta be divided into seas and dry 
land, became so consolidated as to be able to support 
itself a long time, notwithstanding the immense 
caverns that were forming within, by the subsiding of 
the pulvicules, owing to the abundance of the liquid, 
which, in this revolution, made its way beneath the 
primordial strata. But as this subsiding, at length, 
extended itself under the foundations of the walls of 
those caverns, which had hitherto served as props to 

-the crust, the latter suffered a second subsidence 
through the whole of its extent, during which it was 
broken afresh on the same solid walls which had up- 
held it in its first fall ; so that, falling into their inter- 
yals> no parts of that crust remained near its former 
level, except the edges of the broken parts, which, 
&]ling, remained inclined on each side of their props, 
having undergone numerous longitudinal fractm-es, 
which formed, in various places, various ranges of 
eminences consisting of the same strata. 

39. Such is the origin of our great chains of moun- 
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tains^ and the beginning of that disorder observed in 
the mineral strata, of which our continents are com- 
posed ; a state which I have described in my first 
letter, and shown to be one of their most important 
features. The whole mass of the then existing 
strata, setting out from granite, was broken and 
shattered on those walls, or soUd props within ; and 
the edges of the firagments resting against the sides 
of these supports, it necessarily followed, that the 
calcareous strata, which were the most elevated, were 
thrown to the outside of the chains, and shelved down- 
ward, till they were stopped by the bases of these 
supports; while the granite strata, resting immedi- 
ately on the summits of these props, remained the 
most elevated in the centre of the chains. Lastly^ 
that class of primordial strata, in which we find the 
schists lying between the strata of granite and the 
calcareous beds containing marine bodies, necessarily 
formed the intermediate ranges. Such, in fact, is the 
general arrangement of the different classes of mineral 
strata in the great chains ; which chains, previously 
to accurate observations, appeared exceedingly em- 
barrassing, and now are our best informers. Not 
that we have as yet been able to unravel all the 
circumstances of those catastrophes, or to ascertain 
with any degree of precision the state of the supports 
and vacuities beneath the strata, on which state their 
appearance at the exterior has depended ; this can be 
accomplished only gradually: but much is already 
done if we have arrived at the idea of a general cause^ 
that shall correspond with general phenomena, aiid 
which, accordingly, requires solely more precise de- 
terminations. Under this point of view alone, I shall 



LETTER III. 119 

therefore now proceed to consider the subject, adding 
only some illustrations. 

40. Here then is the third fundamental point to be 
established^ in order to form a history of the earth ; 
for, after having answered these two previous ques- 
tions, viz. why did the chymical operations, the 
monuments of which we find on our globe, begin 
only at a certain epoch ? and whence proceeded our 
mineral substances? — ^it was necessary to answer 
these two other questions, evidently connected with 
each other by some common cause; namely. How 
comes it that the sea, which must have deposited the 
substances which compose our highest mountains, is 
now so fax depressed below their summits ? and, why 
are the strata of those substances, which must have 
been deposited in a horizontal and continuous posi- 
tion, now so variously inclined and broken, and fre- 
quently dipping into the interior of the soil? To 
ffve an answer to these last questions, while applying 
to them the causes above indicated, I shall begin with 
an instance, which will show, from facts that are 
analogous, how all these eminences which rise in 
rains above the general surface of our continents, 
have been formed, and whence proceed aU the varie- 
ties we find in the arrangement of the fragments of 
strata of which they are composed. 

41. The autumnal rains ofi;en overflow those parts 
of extensive pasturages which lie lower than the rest 
of the plain ; and the water there accutnulated, covers 
the irregularities of the surface, so as to give it the 
appearance of a lake. If a frost ensues, all this 
surface of the water becomes covered with a crust 
of ice. — To this crust of ice let me liken the mass of 
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mineral strata^ of which I have been speaking, such 
as they were at first formed at the bottom of the 
liquid. However, in the first case, by degrees, the 
water passes by filtration into the soil, and the ice 
remains for some time supported by the most elevated 
of the little eminences it had overflowed: but at 
length it breaks on these props, and sinks down into 
the intervals between, its edges only remaining at the 
former level, inclined against the sides of their sup- 
ports. If any of these solid bodies within should be 
of sufficient extent to allow of the ice breaking all 
round, a portion will remain on its smnmit, lying 
more or less in a horizontal direction: and if the 
branches of these props, or small eminences, have 
interruptions, the ice will break off and fall into their 
intervals ; and its edges, inclined in various directions, 
will present only a heap of icy fragments. Here then 
is what happened to the primordial strata. It fire- 
quently occurs in the example, that after these first 
accidents have effected the crust of ice, snow will 
fall. I would compare the stratum of snow which is 
then formed on the ice, to those of our strata, which 
were produced subsequently to the formation of the 
first rudiments of oiu: great chains of mountains. In 
the example, all the tumed-up edges of the crust of 
ice will form, as it were, small chains of mountains on 
the surface that is covered with snow : in course of 
time the crust of snow will have become hard enough 
to break with the ice : the water, in the mean time, 
continues to sink into the soil ; the crust of ice and 
snow subsides; it meets with interior eminences, 
lower than the former, on which it will be broken, 
and then fall into the intervals ; after which we see 
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the fragments of the crust of snow (which remam on 
the outside) resting against those of ice round the 
small eminences. 

42. Let us now apply this process to the opera- 
tions of nature on a larger scale : — ^for the crust of 
ice^ formed as described above, and afterwards covered 
with layers of snow^ let us substitute the immense 
crust of our successive strata. — Instead of those small 
chains of eminences which intersected the lower 
groimds of the pasturage, let us take the ramifica- 
tions of those hard and great bodies, that have been 
formed amidst the soft substances ; and in the place 
of those immoveable supports, on which the crust of 
ice and snow has been described as breaking, let us 
imagine that those hard props formed beneath our 
strata, were themselves liable to sink down^ when the 
subsiding of the pulvicules extended beneath them. 
Lastly, mstead of the soHd soil of our pasturage, 
which soon puts a stop to the subsidence of the ice, 
when the water has entirely sunk into the soil, let us 
substitute the basis on which the crust of the strata 
came to rest during the successive subsidences, a 
basis composed of the pulvicules into which the liquid 
could filtrate into the interior of the globe, by causing 
them to sink deeper and deeper towards the centre : — 
then all the general phenomena of our geological 
ruins, fi'om the great chains of mountains, whose 
formation I first described, to our hills, and even to 
the broken and dislocated strata under the soil of our 
plains, (phenomena which I shall explain in order) 
will flow firom precise causes, founded by analogy, on 
the example I have been giving. The great valleys 
that cross our chains, are the places where the inte- 
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rior props were interrupted, and a considerable por- 
tion of the strata fell into the intervals : interruptions 
less regular, and winding, occasioned much confusion 
in the inner parts of the chains, by the irregularity in 
the overthrow of the strata ; insomuch, that in some 
places large masses occur in which their order is 
reversed, and even where some kind of stratum has 
disappeared, which, however, is again found in its 
order at some distance : in other places, the same 
strata, which are seen dipping in the greater part of 
the chain, have preserved their horizontal position; 
some at their original level, others more or less below 
it. Every where the external disorder may be referred 
to particular forms of the interior moulds, on which 
the strata have broken, leaving their fragments resir 
ing upon, or leaning round these moulds. Lastly, of 
the longitudinal valleys, the greater part of which are 
more elevated than the transversal valleys ^ some are 

* M. J. A. de Luc, jun. expresses a doubt as to the fact. In 
the Alps, for instance, the Valais is a large longitudinal valley, which 
is very low both above aijd below Sion. In the Pyrenees all the 
great valleys are transversal valleys, for they originate near a col on 
the summit of the central chain ; and in taking a direction firom south 
to north on the side of France, they form nearly a right angle with 
the direction of the chain. The longitudinal valleys, or those of 
which the direction is parallel to that of the chain, have very little 
extent ; they are, for the most part, mere gorges or large ravines. On 
the northern slope (versant) there are twenty-nine great valleys or 
transversal valleys, which all originate in the summit of the central 
chain. The number of those of the southern slope on the side of 
Spain, is twenty-eight. There are valleys similar to these in the 
Alps, such as those of the Reuss and the Aar. From this descrip- 
tion of the transversal valleys of the Pyrenees, it would appear that 
those valleys have all sorts of levels, according as they are taken 
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to be ascribed to several longitudinal ruptures of the 
same kinds of strata during their fall^ and others to 
the separation of two kinds^ one of which has slipped 
either above or beneath the other ; and all present 
their sections towards the interior^ and their inclined 
planes towards the exterior. 

43. Ever since this instructive idea of the disruption 
and overthrow of the strata was suggested to me by 
M. de Saussure^ I have never visited our abrupt 
mountains and hills without being struck with the 
evidence of the cause I have here pointed out ; so 
that I could account to myself for all their phenomena, 
as clearly as if they had happened before my eyes ; 
nor have I ever found any difficulty in producing the 
same conviction in the minds of such attentive ob- 
servers as have visited with me those stupendous 
ruins. For tliose who have not the opportunity of 
examining the mountains themselves, I would recom- 
mend those exact delineations of their large masses, 
that have been published by M. Chr. de Meckel, of 
Bale, in three coloured plates, two of which are re- 
presentations of Mont Blanc and Mont St. Gothard, 
after the models of M. Exchaguet ; and the third of 

near the summit of the chain or towards their inferior extremity ; 
they are therefore sometimes more elevated, sometimes lower than 
the longitudinal valleys. Hence it appears that it is hazardous to 
apply the same principle generally to all chains of mountains. For 
m the Pyrenees, the longitudinal valleys are absolutely insignificant 
in comparison to the transversal valleys, and these last have been 
excavated in the mass itself of the strata ; they are neither the effects 
of the elevation nor of the subsidence of the mountains : such, at 
least, is the opinion of M. Charpentier, from whose Essai sur la 
Constitution Geognostique des Pyrenees, M. J. A« de Luc has ex- 
tracted all that is here related of those mountains. Ed. 
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the highest part of the centre of Switzerland^ after 
the celebrated model of M, le General Pfeifer^ of 
Lucerne. But^ above all^ they should study the en- 
gravings^ contained in the " Voyages dans les Alpes" 
of M. de Saussure^ a naturalist worthy of his great 
celebrity, to whom we are indebted for the first clue 
to guide us through the maze of our great mountains. 

44. It is not only the mountains of Europe which 
attest the cause I have assigned, as accounting for the 
ruinous appearances just described ; it may be traced 
in the descriptions we have of the mountains of Asia, 
published by Messrs. Pallas and Patrin ; and it has 
also been acknowledged by M. de Dolomieu in the 
mountains of Africa. The following is a very re- 
markable passage on this head, taken from this last 
author's Memoir on Egypt, which I have already 
cited : *' I know nothing (he observes) but an in- 
stantaneous rupture, that could have produced that 
long range of almost perpendicular escarpments, 
which the eastern chain of mountains in Upper 
Egypt presents, and which could have raised their 
summits above the level of the opposite mountains, 
with which, had it not been for this, they ought to 
correspond, as well in height as in the direction of 
their strata, as they do in the nature of the rocks, of 
which they consist. I must even suppose, that it 
was by the violence of such a rupture that this chain 
is broken transversely into many portions, and that 
there have been opened three passages between im- 
mense escarpments leading to the Red Sea." Joum. 
de Phys. Dec. 1793. 

45. This is the fit place to speak of the metallic 
veins ; and that I may be as brief as possible on this 
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pointy in regard to general facts^ I shall refer the 
reader to a truly classical work on veins, that of 
M. Werner, of Freyberg, extracts from which I have 
read in the Journal de Physique for May and June, 
1792 ; for after the facts adduced by this skilfiil 
observer, it seems impossible to doubt, that the veins 
have been formed in the pre-existing fissures of the 
strata where we find them ; and such is accordingly 
my opinion. Nevertheless, a specious objection has 
been made to this idea, drawn from the great in- 
clination of some veins ; and it is certain that in 
such a situation the space occupied by the ore could 
at no time have been vacant; since what is called 
the roof in veins, namely the upper part of then- 
enclosure, would have fallen upon the wall or infe- 
rior part, by which the fissure, if even it could have 
been formed in this direction, would immediately have 
been closed up. This is the only objection to which 
no satisfactory answer had yet been given ; and, in 
doing this away, the fact on which it rests will serve 
to determine an important point in regard to the 
revolutions which I have hitherto mentioned. 

46. I have said, that in the great revolution of the 
third period, that in which the crust of the primordial 
strata sunk down throughout a great part of the sur- 
face of the globe, and so formed the basin of the first 
sea, this crust then broke on the same hard masses 
within, which afterwards gave rise to our great chains 
of mountains, and that many fissures were produced 
in it. These fissures (principally in the primordial 
schists) are innumerable, as we perceive from the 
multitude of veins of spar, quartz, and other semi- 
transparent substances, which have filled these crevices. 
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sometimes also lined with those druses of various 
crystals^ which form the ornaments of cabinets. Such 
of these fissures^ as have crossed the strata to an im- 
known depths are become our metallic veins ; and we 
know more particularly from the mines in Cornwall, 
that they extended quite to the granite. I am far 
from being willing to attempt an explanation of the 
manner in which the ore has been formed, that has 
come to fill up these fissures; for I consider it as 
impossible to determine any specific process performed 
in those times, when the state of the elements of all 
our substances was so different from what we now 
observe. But this does not hinder us from tracing 
very clearly the history of these fissures ; they were 
filled up while they were yet vertical, or nearly so, 
the only direction in which the fissures could have 
been produced in such masses ; but after the great 
fissures had been filled with the mineral substances 
which we find in them at this day, those same masses 
underwent new and great catastrophes, in consequence 
of which the veins which they contained, were broken 
and overthrown. This succession of catastrophes has 
continued up to the birth of our continents ; they are 
especially to be traced in those of the secondary strata, 
in which are foimd stratified mines and coal, which, 
like the mines containing veins, are fractured and 
thrown out of their place in different parts of their 
extent ; so that we are frequently obliged to seek for 
their continuation, by piercing the strata, either above 
or below, or on one side of the spot, where we lose 
them ; which always happens on meeting a bad vein, 
that is, another species ofgangue, or adventitious mat- 
ter, that has come to fill up the new fissure. Thus 
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the great inclination of some of the veins has been 
produced a long time subsequently to their forma- 
tion ; it is to be ascribed to the same cause which 
has fractured them in so many ways, and serves, 
together with the different accidents of the same kind 
observed in strata^ as well in mountains and hills as 
beneath the surface of the plains^ to throw light on 
the repeated convulsions which the whole mass of 
our strata has undergone. 

47. After the second great catastrophe of which I 
have here spoken^ a new change produced in the 
Kquid by its impregnation with the expansible fluids, 
which issued from the caverns, brought about the 
precipitation of a new class of calcareous strata, the 
production of which was accompanied with a great 
augmentation in the number of the species, and a 
great multipUcation of marine animals : their remains 
are found sometimes in such great quantities, in these 
beds^ as to form a very considerable part of their 
mass ; and it is from this circumstance that M. de 
Buffon had conceived the idea, in which he has been 
followed by other geologists, that all our calcareous 
substances proceeded from the trituration of shells 
and madrepores, which, nevertheless, is an error, 
as I have shown in my Eleventh Letter in the Joum. 
de Physique. The production of the calcareous 
strata again was general : we know how very common 
this class of strata is in Europe ; and M. Pallas speaks 
of them in his description of the northern parts of 
Asia. I have received also, from Bengal, a descrip- 
tion by my son, of strata of the same species, form- 
ing mountains ; and they have been found likewise 
in the Straits of Magellan, as we may see in the fol- 
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lowing passage from the Voyage of M. de Bougain- 
ville : — " Between Cape Round' and Cape Foreward, 
there are four bays^ of which two are separated by a 
high cape^ rising more than 160 feet above the sea» 
and entirely composed of beds of petrified shells ; at 
its foot^ no bottom is to be found with a line of 100 
fathoms.'' This phenomenon^ then^ as I have just 
said^ is very general throughout our continents ; but 
it is attended with circimistances which it is important 
to examine. 

The parts the more immediately observable in that 
class of strata^ form chains of mountains or hills, 
where they are broken in every direction; we find 
there^ especially^ vertical sections of their entire mass, 
forming abrupt faces^ as well in the interior as in the 
exterior^ where the strata are seen in every degree of 
inclination^ and even frequently subverted; so that 
considering all the disorder of those chains, we can- 
not doubt that they are the remains of a mass of 
strata which formerly extended, at the same level, in 
a very wide space. This conclusion, to which the 
mere view of those eminences would lead us, is con- 
firmed by all that we observe both in their neigh- 
bourhood and at a distance. We, in the first place, 
frequently find at their exterior, masses of the same 
kind, the strata of which dipping imder the soil, have 
their section towards the summit, and rest in that 
position against the foundation of the steep escarp- 
ments; thus indicating, with the greatest precision, 
the direction which, at its separation, was taken by 
the principal mass which at one time was united on 
every side to those ruins. We hkewise find in their 
neighbourhood, firequently, even at great distances. 
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fragments of that mass^ forming hillocks^ in which the 
strata have all sorts of inclinations and directions. 
Lastly^ in the intervals of the- chains^ we find the 
same strata in numerous places^ covered by other 
strata. If now we add to all these circumstances^ 
that the calcareous strata here spoken of contaui a 
great abundance of marine bodies — ^the greater part 
of the same species^ of which a great number ceased 
to exist in the sea as soon as it no longer produced 
these strata^ we shall be led to conclude^ that this 
precipitation^ which continued for a long space of 
time^ took place throughout the whole extent of the 
sea^ and that the great intervals observed between the 
monuments of it which remain^ are the result of the 
fresh catastrophes which again affected the whole bed 

of that sea. 

« 

But why are not these strata observable on the 
great chains of mountains^ or at least are they not 
foimd resting against their exterior ranges^ composed 
of the first calcareous beds containing marine bodies^ 
as having at one time covered them ? And why does 
this second class of calcareous strata itself form moun- 
tains^ on which are not found different species of 
strata^ which have been evidently formed after them, 
ance they elsewhere cover them at lower levels? 
These two questions have for a long time embarrassed 
me, and it is only after having taken into considera- 
tion the whole of the phenomena, and conferred on 
this point with one. of my nephews, who has attentively 
observed the Alps, as well as other mountains and 
hills, that at length I traced its connection with 
general causes, by considering that all the present 
eminences on which have not been deposited certain 

K 
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■classes of strata obviously posterior^ were too high^ in 
the liquid, already much lowered ^ and consequently 
too near its surface, to admit of the formation of new 
strata; and that, subsequently , those kinds of islands^ 
or shallow parts of the sea, have sunk at the same 
time that the whole mass of the strata sunk afresh; 
covered by new strata which had not been formed on 
the more elevated parts. I am led to believe that a 
great number of particular phenomena observable in 
the chaotic state of our strata, as well as many ex- 
ceptions, to that which had at first perplexed me, will 
be satisfactorily accounted for by this general cause, 
combining it with those which must have modified it, 
and of which I shall now proceed to speak. 

48. After the formation of these latter calcareous 
strata, the catastrophes which took place, in the bed 
of the sea were so firequent, and these produced such 
complicated effects, that it is not possible to assign 
any fixed era for the formation of many kinds of 
strata, of which we find, in many places, very large 
masses, because their associations with other strata, 
and their accidents, vary considerably : but it is not 

* " My opinion," says Mr. J. A. de Luc, " quoted by my unde, 
that all the eminences on which have not been deposited certain 
classes of strata evidently posterior, were too elevated in the liquid 
already considerably lowered, is not reconcileable to the situation 
of the secondary calcareous beds in some mountains of the Alps and 
the Pyrenees. Thus the greater part of the high sununits of the 
canton of Berne are calcareous, such as the Yungfrau, the Eiger, 
the Mettenberg, and the Wetterhorn. These summits command 
the valleys of Lautenbrun and Grindleward. In the Pyrenees, the 
most elevated summit is entirely composed of secondary calcareous 
strata containing marine bodies, namely, the Mont Perdu, with its 
dependencies, the Marbore, the Breche de Roland, &c." Ed. 
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difficult to assign general causes for this conftision,* 
which is itself an important phenomenon ; and to this 
object I shall confine myself. At each rupture of the 
crust of the strata^ a fresh portion of the liquid passed 
into th6 interior parts of the globe, and fresh expan- 
sible fluids issued out : by these last, new precipita- 
tions were preparing in the external liquid ; and, by 
means of the fresh portion of this liquid, that passed 
into the interior parts, new expansible fluids were 
likewise prepared, which successively difiered in some 
respect from each other, owing to the changes the 
Uquid gradually underwent, at the exterior, during 
the intervals of its infiltrations : such is the general 
cause, which I pointed out from the beginning. Now, 
if we consider the extent of the sea, the inequality 
there probably was between diffierent places, in the 
mixtures of those of the primordial ingredients, which 
were least disposed to combine, either within or with- 
out ; and the differences that were thus preparing, as 
well in respect to successive chymical operations, as 
to the catastrophes that happened to the strata, in 
consequence of the modifications of the concretions 
which were forming or subsiding in the interior, we 
cannot be surprised at the increasing irregularities 
m the products of chymical operations, nor at the 
catastrophes of the strata, subsequently to their 
formation. 

49. Among the phenomena, in regard to which we 

find the same order of succession in numerous places, 

but, in respect to which there prevail great variations 

in others, we must rank our strata of sand-stone, so 

abundant also all over our continents. In describing 

k2 
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these strata^ in my twelfth Letter in the Joum. de 
Physique ^, I quoted M. Pallas^ to show the conformity 
that subsists between Asia and Europe^ with regard 
to this iiew geological fact. I shall not revert here 
to the opinion of those who have attributed these 
strata of sand-stone to operations which took place, 
on our continents, subsequently to their birth, because 
I have already refuted it in the first of these Letters, 
as covering with the veil of error all our geological 
monuments ; and I am now about to prove, what I 
had already stated on this head, that previously to 
the retreat of the * sea, those stra^ta have been sub- 
jected to the same catastrophes with all those which 
had preceded, and followed them. 

50. In those places where we discover the base of 
these strata of sand-stone, we find them resting on 
the last ' strata of lime-stone that I have described. 
This leads me to speak of a great phenomenon, 
namely, the changes that the different species of ma- 
rine animals have undergone, and to point out how 
much their existence, and mode of existing, were con- 
nected with the modifications of the ancient sea. 
One of these changes was universal, about the time 
when that particular class of strata of sand-stone was 
formed. This was the total extinction of divers spe- 
cies of animals, which we no longer find, either in the 
strata subsequently formed, or in the present sea : I 
shall here mention only the large family of the comua 
ammonis, many species of ramified and articulated 
animals, of the kind of the caput medusae, a class of 

^ Tom. xxxviii. pp. 90—109. 1791. 
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shells called nummulites^ containing many species^ 
and the belemnites, all of which, previously to this 
epoch, existed, in great abundance, in the sea. But, 
besides this general change, which was followed by 
many others, that gradually brought the species of 
marine animals nearer to those of the present day, 
there happened then a partial change, that is very 
remarkable ; namely, that wherever the precipitations 
of those sand-stone strata, of a very common kind, 
(but which already commenced to be formed partially 
only) took place, all the marine animals perished ; 
for though these beds are incumbent on calcareous 
strata, which contain the greatest abundance of ma- 
rine bodies, and in many places they are covered by 
strata where they again make their appearance, I 
have never found any traces of them in the former*. 

' Mr. J. A. de Luc has ascertained that no marine bodies have 
hitherto been found in the molasse, or sand-stone, of the basin of the 
lake of Geneva ; traces of vegetables only have been discovered. 
Nevertheless, in the cantons of Berne, Lucerne,, and St. Gall, 
diere is a marly sand-stone associated with the nagelflue, which 
contains numerous marine shells, many of which are in his pos- 
session. This sand-stone is soft, it has a powerful efl&rvescent 
quality, and its grains are very fine. A naturalist of Berne, 
Mr. B. Studer, caUs this sand-stone molasse ; from a calcula- 
tion of the different species of marine shells which it contains, 
he has found them to consist of upwards of eighty varieties, all 
of which have their analogues in the present sea. The bivalves are 
the most numerous. Mr. Beudant, in the first vol. of his work, 
p. 159, describing the sand-stone aivid the nagelflue of the country 
of Saltzburg, states, that in some spots there are found amidst those 
calcariferous sand-stones, debris of shells of various kinds which are 
all of them analogous to those of the tertiary deposits ; they wre 
chiefly cardia, venuses, and turritellae ; shark's teeth are also met 
with. Ed. 
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61. Nevertheless, those strata^ so different firom 
each other, with respect .both to the manne bodies, 
and to their substance, have suffered in common 
divers catastrophes, of which the first was very great 
and very general at the bottom of the sea. Subse- 
quently to those scattered heaps of strata of sand- 
stone, one character of which is their not being hard, 
so that in some places they are called mokuse ^ the 
whole mass of strata sunk down afiresh, leaving ruin- 
ous fragments of the new strata under the form of 
chains of hills, on the walls of the caverns which had 
continued to form beneath them, and where the re- 
mainder of the whole mass of strata sunk down again. 
Now, it is in the abrupt sections of the strata in those 
chains, as well on the sides of their valleys, as in a 
number of their external sides, turned towards the 
plains, that we perceive the strata of that sand-stone 
either resting on those of calcareous matter, or lean- 
ing against them in places where those masses that 
remained outwards have been overthrown on the 
sides of their supports. Without these disruptions, 
and the sinking of large masses between them, and 
round them, we should probably have been for ever 
ignorant of what the first of those strata rested upon. 
In these valleys, as well as in abrupt faces of the 
outer parts of these chains, we may trace all the 

^ The author seems here to comprise mider the same period all 
the strata of sand-stone, among which he includes the molasse ; but 
Mr. J. A. de Luc is not of opmion that these strata belong to the 
same epoch. Thus those which cover die mountain lime-stone in 
Derbyshire, Denbighshire, in the vicinity of Bristol, and in the coun- 
ties to the north-west of Dublin, are much more ancient than the mo- 
lasse of Switzerland. Ed. 
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catastrophes that our last stony strata have further ^^ 
suflfered, as clearly as if we had been witnesses of 
them ; proofs of these catastrophes are not less obvious 
below the surface of our plains, wherever, from some 
external indication, excavations are made in strata for 
purposes of utility. Before quitting the subject of the 
sand-stone strata, I have to observe, that there are 
several kinds of them, different from those just men- 
tioned, which have undergone the same catastrophes, 
and together with the same calcareous strata on which 
they have likewise been formed, but which contain 
marine bodies. Details on this head would be inex- 
haustible, in consequence of the variety of strata found 
in different spots upon those calcareous beds ; I shall 
therefore add only that the strata of sand-stone of 
which I speak, are in general more indurated and in 
smaller masses than the preceding. 

But here. Sir, it is fit I should stop for the present ; 
for I am approaching two phenomena, which, though 
they belong to this same period, cannot be noticed in 
this letter, already sufficiently long, — ^these are the 
volcanic eruptions, and the beds of coal. Though I 
am anxious to be concise in this extract, it is neces- 
sary that in assigning the causes of the principal 
physical events that have happened on our globe, 
and of which the monuments now exist, I should 
bring together a sufficient number of circumstances 
to show the progress which has already been made in 
this path, and to excite in attentive readers a desire 
to look into the several works which I quote for the 
detail of facts and physical principles which I am 
here imder the necessity of suppressing. I am not 
apprehensive of being thought prolix by those who 



136 LETTER 111. 

wiU bear in mind that I am here traxnng, from precise 
monuments, the foundation of the ancient history of 
mankind, since the subject of our discussion is their 
abode. 

I have the honour to be^ &c. 
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n the History of the Earth, from the time of the 
formation of the calcareous strata, to the last period 
in which the Sea remained in its ancient Bed; a long 
space of time, which comprises, in particular, the 
Origin of Volcanic Eruptions and of Coal Beds; 
the formation of the strata of Chalk and Rock Salt ; 
and the History of the Quadrupeds, of which xcefind 
the remains in our strata. 



Sir, 
f my former letter I entered upon the detail of ope- 
tions belonging to the fifth of the periods into which 
have divided the ancient history of the earth : and 
stopped at the point where I was about to speak of 
Icanic eruptions ; with this phenomenon, therefore, 
shall resume the series of the events that have hap- 
ned on our globe. 



OF VOLCANIC ERUPTIONS. 



1. Volcanic eruptions are amongst those terrestrial 
enomena that have most excited the attention of 
mer geologists, both firom their indicating the ope- 
ion of some great cause, and from their true cha- 
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racters having been long misunderstood. The number 
of ancient volcanic cones which are to be met with 
on our continents^ as well as of volcanic islands scat^ 
tered in the sea, gave rise to many systems, in which 
it was attempted to explain the formation of our con- 
tinents themselves, by materials forced up from the 
bottom of the ocean. I have treated this subject 
in my Letters on the history of the earth, &c* and 
subsequently, in the Journal de Physique; I shaD 
therefore confine myself here to the consideration of 
it in a general point of view. 

2. The phenomenon of volcanic eruptions is doubt- 
less a very considerable one, when we regard it 
separately ; but it is very slight, when we take in the 
whole assemblage of revolutions that must have hap- 
pened to the surface of the globe ; and its products 
bear but an insensible proportion to the mass of strata 
produced by chymical processes, in a liquid, where 
marine animals lived and propagated in great abun- 
dance, and the bottom of which consequently could 
not be hardened by fusion, or after the manner of 
bricks, as Dr. Hutton has of late conjectured, thus 
reviving an hypothesis which all attentive naturalists 
had abandoned. These strata, which constitute the 
greatest phenomenon on our globe, have certain cha- 
racters that indisputably connect them with all the 
general causes that have acted on it ; while the vol- 
canic substances, raised here and there in patches on 
these same strata, indicate certain local causes only ; 
and it is in this point of view that I shall consider 
them. 

3. The problem concerning volcanic eruptions in- 
volves the three following questions. — 1. Whence is 
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it that these eruptions have issued? — 2. By what 
power have the fused matters been driven out and 
accumulated on the surface ? — 3. At what time did 
those eruptions happen^ of which we have no ac- 
counts in history ? 

4. First question. — Many mineralogists have sought 
to discover, what the strata were that furnish the 
substances of lavas, and by what means they are 
brought into fusion ; but I have reason to think, that 
our strata have no share in this phenomenon. The 
quantity of pyrites found in certain schistose and argil- 
laceous strata, had led some naturalists, and particu- 
larly M. Pallas, to fix the focus of volcanos in these. 
But p3nrites do not undergo decomposition and com- 
bustion, except when they are exposed to the air; 
and each mass of pyrites being perfectly enclosed in 
the part of the stratum it occupies, is entirely pro-- 
tected from that effect. The coal strata have also 
engaged the attention of some naturalists in this Une 
of enquiry; but besides that they do not he deep 
enough to answer the phenomena of volcanos, they 
are also surrounded by other substances, which pre- 
vent their communication with the air, without which 
they cannot burn. Accidents many times have set 
coals on fire, in certain mines, where they have even 
burned for many years. I have witnessed this fact in 
Staffordshire, and have been informed of all its cir- 
cumstances : it has not occurred, nor indeed can oc- 
cur, excepting in mines ; the combustion takes place 
only in the rubbish, and in the pillars that are left ta 
support the superincumbent soil. The conflagration, 
indeed, occurs, merely owing to precautions not having 
been taken in time to close all the openings which 



\ . 
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allowed the admission of the air; precautions no 
longer practicable after a certain time, because of the 
multitude of crevices that are produced in the upper 
soil ; but it stops of itself as soon as it arrives at the 
solid body of strata, and thus a termination is put to 
those accidents. Since then neither pyrites nor coals, 
the only substances of our strata susceptible of com- 
bustion, can undergo it in the interior of the earth, 
we must look beneath our strata for the focus of 
volcanic eruptions. Moreover, if we consider the 
prodigious effort necessary for raismg lavas to the 
summit of Etna and the Andes, we shall be con- 
vinced that the whole mass of our strata, beginning 
from granite, will not have been too great to reast 
a re-action of such extraordinary force. — Lastly, we 
know that islands have been formed in the sea by 
eruptions of this kind that have taken place under its 
waters ; a circumstance which forbids every idea that 
those subterranean fires can be of the same nature 
with those which we observe at the earth's surface. 

5. The circumstance which has given occasion to 
search in our strata for the substance of the lavas, is, 
that fragments of these, taken from the interior of 
their mass, bear in their appearance, and through the 
ingredients which they afford in their analysis, such 
striking relations to the fragments of some strata, that 
the mineralogist might frequently be liable to con- 
found them, were he not apprised that the former 
have been taken from masses, the external part of 
which was in scoriae, and which have flowed from a 
volcano. But far from this being a proof that the 
lavas proceed from the fusion of the strata with which 
they have these resemblances, it on the contrary ap- 
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pears to me, from the following considerations, that 
they must evidently be traced to a very difierent 
origin. If the substance of these strata, after having 
undergone the degree of heat necessary for causing 
it to pass into the state of fusion, retained, on cooUng, 
the same resemblance to the lavas, it would be rear 
sonable to think that it had produced them in a similar 
manner ; but in the course of all the experiments that 
have been made for this purpose, it has been found 
impossible to produce with these substances a thick 
and glowing liquid such as lava ; and after cooling, 
all resemblance has disappeared ; the substance has 
undergone great changes, both essentially and in its 
appearance: consequently nothing authorises us to 
think that lavas are the products of those strata by 
any effect of heat. On the other hand, if the lava 
which resembles those strata, is again exposed to a 
degree of heat productive of ftision, it likewise loses 
its resemblance. Let us now take into consideration, 
what we know of the immediate origin of those sub- 
stances, so similar in the nature of their molecules, 
as well as in the appearance of their aggregation. 
This resemblance exists between lavas which we 
know to have been in an incandescent state, and 
strata produced by simple precipitation in a hquid. 
It is not, therefore, the strata which are reduced to 
the state of lava ; it is other substances, which no 
doubt contain the same molecules, but in a different 
association ; and it is not by fusion, that is to say, by 
the action of an external heat, but by combustion, 
that these substances are invested with the appear- 
ance of certain strata. 
6. It is from these considerations on the difference 
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which has existed originally between the matter of 
certain strata and that of the lavas which are now 
analogous to them^ but only after having undergone 
combustion, that I cannot bring myself to think they 
proceed from those strata, and that I ascribe them to 
the mud, which, as I have explained in the preceding 
letter, was in the first instance deposited on the pul- 
vicules at the bottom of the primordial liquid, and on 
which have been formed all our strata, beginning with 
granite \ This mud, which we have seen to bear an 

^ Granite, remarks Mr. J. A. de Luc, jun. on this passage, cannot 
always be reckoned in the number of the strata, for in many places, 
as is now well ascertained, for instance, in the Pyrenees, in Scotland, 
in Cornwall, at Brocken in the Hartz, that rock is not stratified. 

In reference to this important point, the following extract from a 
letter of Prof. L. A. Necker, grandson of De Saussure, inserted in 
the Biblioth^que Universelle for Sept. 18^6, will be found very 
interesting. — " With regard to the Alps, and, more particularly, the 
vicinity of Mont Blanc, the last geologists distinguish two species of 
granite, the one stratified, and the other not stratified. The first 
species constitutes all the needles of Chamouni ; it is composed of 
quartz, feldspath, chlorite, and steatite ; the mica is of rare occui- 
rence. This rock has been called protogine by M. Jurine, in order 
to distinguish it from the true granite which is composed of quartz, 
feldspath, and mica, without assuming the schistose structure. This 
true granite is not stratified, but exhibits itself in masses more or 
less irregular or rounded, in accumulations, in veins which invariably 
intersect in an oblique direction the general stratification of the soils 
in which they are found ; or if it sometimes appears to form strata 
parallel to those of the soil, which contains them, those strata do not 
long maintain their parallelism, and re-enter into the class of strata 
traversed by metallic veins. The protogine, or chloritic granite, is 
always stratified. In proportion as the protogine, under all its 
forms, and in all its varieties, abounds in the Alps, in the vicinity of 
Mont Blanc, of which it forms the most elevated summits, in the 
Same proportion granite, properly so called, is there seldom to be 

9 
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important^ and, according to my views of the subject, 
an indispensable part in all the operations which I 
have hitherto traced from their monuments, was al- 
ready composed of molecules of different species, 
which continued for a length of time to be formed in 
this same liquid. But instead of these molecules 
being, as they were afterwards, precipitated in asso- 
ciations which admitted of their aggregating under 
the form of stony strata, they were at first intermixed 
with many ingredients which prevented that aggrega- 

• 

met with, and is little known, especially in respect to its position. 
The only spots where, to my knowledge, it is found, are in the 
valley of the Valorsine, and at Baveno, at the southern foot of the 
Alps." 

When De Saussure spoke of the stratification of granite, it would 
appear that he spoke only of the protogine. M. Alex. Brongniart, 
in bis Tableau des Terrains, &c., 1829, establishes a distinction 
between the neptunian or stratified granite, and the plutonian 
granite, p. 33. 

Respecting the origin of granite, the following views of Mr. J. A. 
de Luc, the yoimger, have been communicated by him to the editor. 
** I do not,'' says Mr. de Luc, *' agree with Sir Alex. Crichton, 
that the granitic crust is a crystallization arising from fire. That 
writer deduces the proof of it from an hypothesis which I do not 
admit, namely, that the crystals enclosed in lavas have been dis- 
solved by the heat of a volcano, and formed in the liquid lava. 
Such crystals have been produced previously to the fusion of the 
lava. In regard to granite and other primitive rocks, I conceive 
that I have demonstrated, in a Memoir on the aqueous origin of 
rocksy that water had a very great share in their crystallization. 
Bibl. Universelle, tom. x. p. 161. et seq. The opinion of Sir A. 
Crichton, that the nucleus of the earth, * still is in part, in a com- 
pletely metallic state,' is altogether gratuitous, as well as his hypo- 
thesis that granite is to be considered as a mass of earthy oxides, 
which were produced by the action of air and water, or aqueous 
vapours, on the metallic mass." £d. 
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tion. We have seen the necessity of seeking beneath 
the liquid a source of new substances which must 
there have successively ascended^ producing in it new 
combinations^ and the disengagement of fresh expan* 
sible fluids. Now the first operations in this mud 
(or thick paste) might have generated fluids produo 
tive of that effect, previpusly to the liquid having very 
deeply penetrated into the pulvicules, where for a long 
time, by occasioning their subsidence, it produced a 
succession of new fluids, and consequently of new 
combinations, in the upper part of the liquid. It was 
after the first modifications of the mud, by the sepa- 
ration of some of its ingredients, under the form of 
expansible fluids, that in some places it underwent a 
degree of heat owing to the disengagement of a great ' 
abundance of fire, in consequence of chymical opera* 
tions in its mass, which brought it into an incandes- 
cent state, at the same time that it produced different 
species of expansible fluids out of those remaining 
ingredients which had hitherto prevented its other 
molecules from aggregating under a stony form ; and 
it is after this operation, which is not productive of 
an excessive heat, that the remaining mass bears a 
resemblance to some of our strata. 

It is thus also we are enabled to explain the phe- 
nomenon of a great number of crystals contained in 
the lavas, and which, although fusible, have under- 
gone in them no alteration. The different molecules 
being thus aggregated in small regular masses, had 
formed in the liquid, at the same time with all the 
other molecules of the mud ; and these small masses 
might have been formed and become larger, either 
during their very slow descent in the liquid, the spe- 
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cific weight of which was then much greater than 
that of its. residuum (the water of oiir sea) ; or in the 
mud itself, which, mixed with much of the liquid, 
opposed but little resistance to these, aggregations. 
All these crystals then were in the primordial mud, 
and are likewise in what remains of that mud beneath 
our strata ; and when combustion takes place in it, it 
does not acquire a degree of heat sufficient to dissolve 
them; so that they are preserved in its substance 
when the spontaneous combustion ceases there. These 
crystals have indeed a great resemblance to those 
belonging to our strata, the names of which have been 
given them ; but, when attentively examined, essen- 
tial diflferences are observable in them, which will not 
allow of their being confounded. 

7. It will not be expected that I should point out 
the specific progress of those operations : for although 
every physical explanation of the great operations 
that took place in the first periods of the earth, must 
be grounded by analogy upon known effects, of 
which we are able to observe all the circumstances, 
it is very evident that a generic analogy only can be 
applied in such an inquiry, since nothing of the same 
kind is operated at this day. But we have a parti- 
cular test of those explanations, and in having regard 
to it, we cannot wander far from the truth : it is that 
as all great geological phenomena must necessarily be 
connected with each other by common circumstances, 
depending on the periods of time daring which they 
have been operated, every cause that is assigned to 
each of them, considered apart, must be consistent 
with our judgment of the whole. The same general 
causes do not produce the same effects, when circum- 
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stances differ; circumstances peculiar to the first 
periods of the globe, determined those causes to ope- 
rate eflTects which they no longer produce in the 
present state of things ; and the monuments of all 
the phenomena of those times are not more nume- 
rous than are absolutely necessary to guide us in the 
research of the modifications, which the effects of 
general causes have there undergone, in consequence 
of circumstances no longer existing. I have endea- 
voured to abide by that principle in the establishment 
of all the parts of my theory, and it is more particularly 
nfter an attentive examination of all the other great 
phenomena, that I perceive no other assignable origin 
of volcanic eruptions than what exists in substances 
confusedly accumulated in the first instance at the 
bottom of the primordial hquid, previously to the 
formation of any stratum, properly so termed, and 
consequently, before the formation of granite itself. 

8. Second Question. — When this thick and glow- 
ing liquid was formed at the depth pointed out by the 
preceding considerations, what was the agent which 
could drive it out and raise it to the summits of 
such volcanic cones as Etna and the Andes? In 
general, it was the expansible fluids : but those which 
we call permanent or aeriform, are not sufficient to 
explain our phenomenon ; it is the aqueous vapour or 
steam which has been the agent. If a sufficient 
quantity of water is any where confined, this fluid 
becomes there more and more dense, in proportion 
to the increase of heat, and capable thus pf acquiring 
an immense power of expansion ; but it decomposes 
inversely as the heat diminishes ; with this additional 
circumstance, that it is suddenly and entirely de- 

9 
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stFoyed from the first sensible diminution of the heat, 
when the same pressure continues to be exerted upon 
it: this I have shown in my *' Idees sur la Meteoro- 
logie.^ 

• 9. It is a fact, that in the interior parts of the 
earth, great accimiulations of incandescent materials 
are often formed, and it is accordingly sufficient that 
a certain quantity of water should find access to the 
caverns which contain those materials, to produce 
suddenly such a supply of vapour as is capable of the 
most violent efforts. Let us suppose that there is 
an opening in the walls of the cavern, but that it is 
obstructed by the matter in fusion : the vapour will 
exhaust its power against that less resisting part, and 
force those materials up to the surface, till at length, 
it makes an outlet for itself ; for as long as it is con- 
fined, and that there is any water remaining within, 
there will be no limits to its action (which is always 
proportional to its density), but that of the quantity 
of fire. 

10. It is thus that the enormous heaps of lava 
which form the substance of the great volcanic cones 
have been produced. A passage has been preserved 
through these masses, by each eruption of lava (that 
is, of that quantity of fused matter which at any cer- 
tain time has risen to the inferior opening,) having 
terminated generally by explosions, or violent dis- 
charges of the expansible fluids, making their way 
through the last matter that was raised ; which ex- 
plosions produce the showers of loose substances 
which we call volcanic ashes. The subsequent erup- 
tions always produced by fresh accumulations of 
liquid matter obstructing the opening below, pursue 

l2 
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the same route, and terminate in the same manner* 
The channel or passage is thus continued, provided 
it does not become obstructed by some demolition, or 
by the lava cooling and hardening within it. In these 
cases the vapour being pent in, acquires very consi- 
derable force ; it shakes the soU, and at length pro- 
duces an eruption of lava in some lateral part where 
it meets with less resistance. So long as the lavas 
continue to pass upwards through the same channel, 
which suffers only an increase of its length, and that 
the explosions of disunited matters, called volcanic 
ashes, in like manner issue forth by the same pas- 
sage, these different matters, spread over the outside, 
are accumulated in the form of a cone, in the •same 
manner as the earth is accumulated round the open- 
ings that moles make in the ground in digging their 
subterraneous galleries. But if these accumulations 
increase considerably on some base which in time be- 
comes incapable of supporting the weight, or which, 
from any cause within, subsides, the cone falls in, 
and nothing remains externally but the irregular cir- 
cumference of the base, or the edges of the lava that 
had flowed from the summit or the sides. 

I have given in my first geological work some 
striking instances of these catastrophes, which I have 
observed among heaps of ancient volcanos inGrermany; 
they consist of enclosures of hills of greater or less 
extent, each of which presents, in the interior of the 
circular ridge, the section of the inferior part of 
numerous lavas, intermixed with ashes and scoris. 
We have an example of this, on a small scale, in 
Vesuvius, the present cone of which has been raised 
on the ruins of an ancient cone, much more con- 
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siderable, to the base of which belonged Mount 
Somma. The bottom of some of those circular ridges 
is at this day the basin of a lake. This phenomenon 
would alone be sufficient to show, how forgetful 
systematic men must have been of the principles of 
physics and mechanics, when they supposed, that 
subterraneous fires could have raised our continents 
themselves above the sea, and left them, through 
their whole extent, suspended at this height. 

11. We may discover, in another phenomenon, the 
fluid which raises lavas ; for, to the greatness of the 
effect produced to which no other fluid can be con- 
ceived equal, we are to add the cessation of this 
effect, without any other symptom observable at 
Ae exterior : I speak of earthquakes, which likewise 
show the great depth of the source of the lavas. 
How can it come to pass, that such extensive tracts 
of land, traversed by immense chains of mountains, 
should be shaken at one instant, by the production 
under ground of a sufficient quantity of a particular 
fluid ; and that the effect nevertheless should cease, 
without this fluid making its escape outwardly, with 
a violence capable of overthrowing the mountains 
themselves ? Because this fluid is not an air, but the 
aqueous vapour, which, remaining under the same 
pressure, is destroyed as soon as it loses that portion 
of heat by which it had been produced. 

12. And thus the solution of the phenomena of 
earthquakes embraces the greatest of our geological 
problems. For the production of these effects, it is 
first requisite that our continents should cover large 
caverns, which, through a great extent, communicate 
with each other beneath all the strata. Now I have 
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already sufficiently shown, that the very production 
of a succession of different strata, and die catastrophes 
they have undergone, require that caverns should 
have been successively formed beneath them : so that 
the caverns now existing, are some of the remams of 
those. It is necessary also that there should be, in 
some parts of the interior of the globe, heat capable 
of producing suddenly a prodigious quantity of aqueous 
vapour of considerable density ; and we know, by the 
present volcanos, that there must be in many of the 
caverns certain substances in fiision. It is necessary 
that a great quantity of water should suddenly flow 
in upon these substances : and the number of caverns 
we find in our mountains and hiUs, show us sufficiently 
in what disorder our strata have remained, for us 
easily to comprehend how quantities of water may be 
gathered in the interior parts of the globe, which from 
time to time will be breaking their dikes, and flowing 
into these furnaces. In such cases an earthqiiake is 
produced ; which ceases without any outward mani- 
festation of its cause, from the vapour soon penetrating 
into other caverns, and fissures of the strata, there los- 
ing its heat, and so becoming condensed into water. 

13. Third question. — ^At what period was it, that 
those great volcanic eruptions began, and principally 
happened, the monuments of which remain, but of 
which we have no historical account ? I refer these 
(events to the period I am treating of, subsequently to 
the production of the great mass of strata of calcareous 
stone which contain but few marine shells, because 
we find a number of volcanic cones and dispersed 
lavas, which have been enveloped by calcareous strata 
abounding in manne bodies, as well as by strata oi 
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sand-stone. These eruptions^ therefore, took place 
while the sea still covered our continents, and the 
volcanic cones were raised beneath its waters ; as, in 
our time, llsola Nuova, the new island in the Archi*- 
pelago. 

14. I shall not now stop to notice the idea of those 
who, observing the alternations of lavas and calcare- 
ous strata, in some places, and the calcareous strata 
which envelope some volcanic cones, have thence 
imagined that the sea has many times overflowed our 
continents ; having already shown, iii my other works, 
that this is an useless supposition, and contrary to 
every^geological phenomenon. Neither shall I recur, 
and for the same reason, to the notion of those, who, 
taking the volcanic ashes which they find interposed 
between the lavas of some volcanic cones, for decom- 
positions of these lavas by long continued atmospheric 
operations, and so counting, in the abrupt sections of 
the sides of certain cones, (such for instance as Etna) 
the successive returns of this phenomenon, have thence 
concluded, in contradiction to all the phenomena which 
irresistibly prove our continents to be very modem, 
that they are of a prodigious age '. I. therefore shall 
observe only, that these large cones began to be 
formed in the sea ; and that then also, when the lavas 
ceased to fill their channel, and the expansible fluids 
first issued forth, there followed explosions of volcanic 
ashes, which spread over the lavas, and extended far 
beyond them. I have given a description of the 
plains in the environs of Coblentz, the soil of which 

^ The author here more particularly alludes to Brtdone. See 
Townsend's Vindication of Moses, Vol. I. p. 4Sd. Eo. 
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consists of beds of volcanic ashes, and pumice-stone, 
spread out by the sea, like our beds of gravel. This 
phenomenon, as well as some others which I have 
observed among ancient volcanos, lead me to believe 
that further eruptions of this kind took place at the 
epoch of the birth of our continents. 

15. I hope that this abridged discussion of what 
relates to volcanos, may suffice to show, that this is a 
phenomenon, which however great in itself, is to be 
considered as a particular one: that it is without 
doubt connected with the general causes of the events 
which have happened on our globe, but that its eflfects 
have been local ; and that if it were not for the ac- 
ciunulations of volcanic matters which we find occa- 
sionally on our continents, in places where the strata * 
are not in greater disorder than every where else, we 
should be ignorant of any other subterraneous ignition 
having taken place, than what is manifested in our 
present volcanos. It even appears that the time when 
the calcareous strata, containing marine bodies, (suc- 
ceeded in many places by strata of sand-stone), were 
formed, was one of the most tranquil periods with 
respect to the bottom of the sea : which supposes that 
the crust of strata rested again on the solid supports 
which had been formed by concretion in the mass of 
incoherent substances. But vast caverns were forming 
between these supports, by the subsidence of these 
substances ; and when this subsiding extended beneath 
the supports, these last sunk, but unequally, and the 
mass of strata again underwent a very great catastro- 
phe, during which the principal part of the crust sub- 
sided afresh ; and the portions retained on the props 
that remained firm, constitute at this day most of our 
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mountains of the second rank^ and of our hills^ which 
beiir all the characters of ruins. 

' 16. I have ahready had frequent occasion to advert 
to that great cause which acted in the ancient, opera- 
tions on pur globe, to which we are led by all the 
phenomena, many of which are unintelligible without 
it : namely, that as fast as the caverns were formed, 
they became filled with different kinds of expansible 
fluids : so that, when the superincumbent strata sunk 
down, and the liquid penetrated to the bottom of the 
caverns, these fluids rushed out with violence, driving 
before them the fragments of the strata they met with 
in their passage \ This effect was, at the epoch I am 
speaking . of, very considerable, and to that period 
must chiefly be referred the phenomenon described 
in my first Letter, of the blocks of granite and other 
primordial stones that we find on our calcareous and 
sand-stone mountains, and above all in the disruptions 
that form their valleys. These great masses resisted 
the agitation of the waters during these convulsions ; 
but the lesser fragments, which were in great abun- 
dance, and some of them even of considerable size, 
being violently crushed against each other, were in 
some pla,pes accumulated in hills, and elsewhere dis- 
seminated at the bottom. Hence were produced 
some breccias, or strata of pudding-stone ; as in like 
manner, during subsequent revolutions, were formed 
the gravels vof primordial stones, which we find in our 
loose strata, frequently intermixed with marine bodies. 
17. In each of these revolutions, the expansible 

fluids as they issued from the caverns, impregnated 

* Journal de Physique, Tom. xxxviii. pp. 105, 106. 1791. 
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the liquid with some new ingredients, and so produced 
a change in the nature of the precipitations : this is 
manifested by the superposition of strata successively 
different, one of the greatest of geological phenomena^ 
which considering the long duration of each kmd of 
precipitations, and their obvious changes, from time 
to time, necessarily indicates a cause of that nature. 
During these precipitations also, the expansible fluids 
which were disengaged from the liquid, successively 
varied in their nature; and thus it was that our 
atmosphere, that confused assemblage of fluids which 
astonishes none but naturalists, was formed ; and it 
astonishes them, in proportion as they are enlightened 
and attentive. In truth, whoever carefully studies 
meteorological phenomena, and then- connection with 
the operations that are successively taking place on 
the earth's surface, will soon perceive, that we are yet 
only in the infancy of our knowledge of that labora- 
tory of nature on our globe ; that a great number of 
the fluids, that are employed in operations, of which 
we are witnesses, are ajs yet totally unknown to us, 
and that we even know but very little of those that 
fall immediately under the cognizance of our senses. 
This I have pointed out in my " Idees sur la Meteor- 
ologie," and in many others of my works. 

18. If next we come to consider the consequences 
that these successive and correspondent changes in 
the liquid and the atmosphere, must have produced 
with respect to the organized beings, to the subsist- 
ence of which, as they severally were the inhabitants 
of either, they contributed, we shall be no longer sur- 
prised at the changes, which the marine as well as the 
land animals and vegetables have undergone, any 
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more timh at the total extinction of some of their 
«,«cies. in either element. On the contrary, what 
our strata unfold to us of the history of organized 
beings, naturally connecting itself with the causes 
ab'eady set forth, will serve as another proof of them. 
I shall not enter into any great details on this subject, 
as they are to be found in my other works ; I have 
already stated some particulars respecting the marine 
animals, and shall now advert to others which relate 
to terrestrial vegetables, necessary to the explanation 
of ianother great geological phenomenon, now about 
to be mentioned. 



OF COAL BEDS^ 



19. The strata of coal, by the great utility of 
that substance, in regard to its combustible quali- 
ties, have procured us information, with respect to 
the past states of our globe, which we never should 
have obtained but through this object of public 
interest ; for naturalists would never have attempted 
to dig so low, and in so many places, beneath 
the surface of the earth, merely through a spirit 
of research. I have shown in my " Lettres sur 
THistoire de la Terre," &c. and in the thirteenth 
and seventeenth of my letters in the ^' Journal de 
Physique *," that the substance of coal was formerly 
peat ; and I beheve it is now not doubted. But those 

* M. Alex. Brongniart readily acknowledges that the theory of 
coal formations, which appears to him the most probable, although 
proposed long before geology had acquired all the facts which it now 
possesses, is that of De Luc Tableau des Terrains, &c. p. 280. 
1829. £d. 

' Tom. xxxviii. p. 174. et seq. 1791. Ibid. Part ii. p. 332. et seq. 
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vegetables^ the remains of which having withered and 
become dissolved without undergoing decomposition^ 
formed that peat, were very different from those 
which at present produce the ingredients of peat on 
our continents : this is observable in the stony strata 
which covered the former, where are found impres- 
sions of vegetables which grew at the surface of that 
ancient peat, and from which they proceeded. Among 
these impressions, we discover some vegetables which 
grow at present in the same latitudes, such as the 
sphagnum palustre, and some of the junci^ which 
form a great part of the mass of our peat, as well as 
many known ferns ; but, in the first place, these last 
do not belong now to our climates. In addition to 
which I shall observe, as a peculiar object of consi- 
deration, that the vegetables, now unknown, which 
have contributed to the formation of coal, are not the 
only monuments of the first vegetation on our globe, 
which prove that vegetation was in a very different 
condition from what it is at this day ; for we find 
them likewise in some strata of sand-stone, where we 
see, among others, the remains of immense tubular 
and ramified vegetables, to which there is nothmg 
similar among our own. I have designated under the 
title of Third Period, that at which the earth's sur- 
face was for the first time divided into sea and land ; 
and while indicating that period as corresponding to 
the third Day recorded in the first chapter of Genesis, 
I observed, that in this '' day*' the earth was not as 

* "The vegetables of the coal-pits, properly so called," says 
Mr. J. A. de Luc, on this passage, " are altogether different from 
our present plants. The information given to the author, respecting 
the sphagnum palustre, and the junci being found in the coal, must 
have been erroneous." Ed. 
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yet enlightened by the sun ; such is the fact which I 
liave now to consider. 

20. Whatever difference there may be between the 
first vegetables^ and those which exist at the present 
day, had we no other guide in the history of vegeta- 
tion, we should not assuredly have inferred from 
thence that those first vegetables were deprived of 
light. But I shall first propose here a general ques- 
tion of great importance : what would man have been 
capable of discovering in regard to the origin of the 
world without Revelation ? This question is not a 
speculative one — it can be resolved by facts alone; 
and although it is here anticipated, because it is con- 
nected with numerous objects which can be developed 
only in succession, I could not pass by this period in 
the history of the earth, of which we at present ob- 
serve the influence, without determining the objects 
for our consideration in respect to the knowledge 
acquired by man. I shall show hereafter, relatively 
to this subject, that all the notions of cosmogony 
disseminated amongst the most ancient nations, have 
proceeded alone from Revelation itself, and that all 
they have added to it, in regard to which there exists 
no appearance of researches, are mere chimeras, 
grounded upon those first foundations. But what we 
may already perceive at this stage is, that Revelation, 
preserved in all its purity among one of those nations, 
is the true cause of the progress which mankind has 
made in the study of nature, and the only guide that 
has directed them in it ; for if we carefully follow out 
the history of geology, not through the vain fancies 
of ancient nations, but among men who have at length 
applied to the study of the actual state of the earth. 
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in order thence to deduce physically its past states, 
it will be seen that those researches have all had 
Genesis in view^ whether for the purpose of attack or 
defence; researches which the pagan cosmogonies, 
although having in reality the same origin^ never 
have, nor ever could have, suggested. It is the 
plain narrative of Moses, without details, but exact in 
respect to the order of events, that has led to the 
examination of geological monuments, and to the 
study of chymistry and general physics, as directed to 
the investigation of the causes which could formerly 
have produced such great effects upon the earth, and 
many analogous effects upon the other globes; and 
it is on reflecting more particularly upon these 
important words at the beginning of Genesis : *' And 
God said, let there be light r that we have succeeded 
in discovering in them a sublime truth, insomuch 
that none of the great physical effects which we per- 
ceive to have been operated, not only upon the earth, 
but upon other globes, could have commenced with- 
out the addition of light, to the other substances 
which at first constituted the mass of those bodies. 
What confidence then ought not to be inspired by so 
exact a confirmation of the most important among 
the passages of Genesis that had been charged with 
absurdity, as placing effects before causes — ^for here 
all nature attests the necessity of the pre-existence of 
light to all the physical operations of which we see 
the effects upon the globes, and in particular that 
mission of the light which causes the splendour of 
the heavenly bodies. Now, although we have not as 
yet found such direct proofs of the pre-existence of 
vegetables to the emission of Ught by the sun^ we 
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have^ nevertheless^ observed circumstancea which no 
loi^r allow us to consider it as absurd ^ We know, 
I say^ on one hand^ that the action of an external 
light upon the planets, necessary at present for the 
fructification of the greater part of vegetables, is at- 
tended by alternate emissions and absorptions of 
expansible fluids, or of modifications of the surround- 
ing atmosphere, according to certain circumstances, 
partly connected with the absence or presence of 
light, but in part likewise with the nature of the ve- 
getables, and with the difierent states of the air that 
surrounds them ; which in the first place shows that 
the necessity of an external light may be dependent 
on circumstances, for we are far firom being enabled 
to determine the manner in which it acts, and in 
what respect it is necessary in the vegetable economy, 
which is still involved in mystery. On the other 
hand, we learn, through geology, that our atmosphere 
must have been formed, and have experienced great 
successive changes, in proportion as our mineral strata 
were produced in the liquid which once covered the 
whole globe ; that when by a first catastrophe of the 
bottom of that liquid, new lands were formed, the 
first vegetables which grew there, were very different 
fi-om those which our globe now produces ; but that 
in proportion as the atmosphere approximated to its 
present state, plants, and together with them, marine 
and terrestrial animals, in like manner approached 

' It has been ascertained, that even in the present state of the globe, 
vegetable existence is not altogether incompatible with the absence 
of light. Caverns and mines are said, by Humboldt and other 
naturalists, to produce certain plants, principally those of the crypto- 
ganoous class. £d. 
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stQl nearer and nearer to the species known at thk 
day. When, therefore, I read in Genesis, that vege- 
tables began to grow upon the earth before it was 
enlightened by the sun, far from imagining this an 
absurd assertion, I see an additional proof of the 
truth of the Mosaic narrative, for had the author 
written a fable, unwilling as he must have been to 
offend the common sense of mankind, he would 
assuredly have avoided assertions which must neces- 
sarily appear to them absurd ; but he addressed him- 
self to the Jews, who had proofs of his mission ; and 
stated, without hesitation, only what he was com- 
manded to declare. It was incumbent upon me here 
to set forth this great character of truth in Genesis, 
of which we shall hereafter find more direct examples^ 
viz. that the very circumstances which had been the 
most strongly objected against that sacred book, for 
want of sufficient knowledge respecting the objects to 
which they referred, being nevertheless verified, are 
those which at this day prove, in the most evident 
manner, the divine mission of Moses. I shall now 
resume the history of coal, as furnished by the phe- 
nomena which that substance, now mineralized, though 
proceeding from vegetables, presents. 

21. In order to take a right direction in the dis- 
covery of the causes which produced the change (rf 
the ancient peat into our coal strata, and which have 
reduced the latter to the state in which we now find 
them, we must first consider, that these products of 
vegetable matter are inclosed in stony strata, in 
which marine bodies are found: by which we see, 
that the peats, from which they proceed, have been 
submerged, and that in this state they have been 
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covered by strata produced by precipitation in the 
sea. We perceive besides, from that undoubted fact, 
why. the stony strata which inclose those . of coal, 
though in many respects they resemble other strata 
formed elsewhere in the same period, have particular 
characters that distinguish them; for instance, we 
tdways find there argillaceous strata, containing much 
iron ore, scattered through their mass, in nodules, 
whiph often contain within them impressions of vege- 
tables. With regard to this, it must be remembered, 
that at those times, when the Uquid of the . sea still 
contained the elements of many sorts of the future 
strata, the successive species that were forming de- 
pended in part on the. nature of the new ingredients 
which produced the precipitation. Now the submerged 
peat gives us a general idea of a source of fresh ingre- 
dients proper to determine particular precipitations ; 
at the same time that this peat itself underwent cor- 
responding modifications, in consequence of which it 
V was mineralized under the form of our coal. 

22. If there were need of any further proofs, than 
those which I have given in other works of the origin 
of coal, as proceeding from peat which underwent 
submersion by the waters of the sea, we should find 
such in the fossil peat, which differs from coal only in 
this^ that it has not been mineralized, and that the 
strata which cover it do not contain ferruginous 
masses ; for, in other respects, the circumstances are 
the same. I have spoken of these beds of vegetables 
in my seventeenth Letter in the Journal de Physique, 
Vol. xxxix, where I have given the result of my ob- 
servations on the Steinberg, the Veisner, and the 

M 
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Robelberg \ mountains of M unden and Hesse, where 
this phenomenon is found to correspond with what 
we observe in some parts of Switzerland and England. 
The vegetable substances are still very distmct in 
these beds, in that at Veisner in particular, which is 
thirty feet in thickness ; we find in them a quantity 
of the trunks, branches, and roots of trees, as in our 
present great peat lands. Now these vegetable beds 
are fossil ; for they are covered by strong strata ; and 
those which I have observed could not have been dis- 
covered, had they not appeared in the abrupt sections 
of the strata of which they constitute a part, forming 
steep hills on one side, while on the opposite side 
their strata are much inclined ; the manifest effect of 
the same catastrophes which have produced hills 
composed of other species of strata. 

23. It remains now to enquire what has been the 
cause of this submersion of the ancient peat, repeated 
even many times in the same places, as well as of the 
catastrophes which its beds afterwards underwent; 
events which we trace in the coal-fields, as it were in 
the archives of the country. One fact still serves to 
guide us in this research ; namely, that those masses 
of strata in which the coal lies, are always in some 

^ " The feeds of vegetables, or ligneous strata of the Steinberg, the 
Meissner, and the Robelberg, are not coal," observes Mr. J, A. de 
Luc, the younger, on this passage, " but lignite, of which the for- 
mation is much less ancient, and of which the vegetables are very 
dififerent from those of coal. This last does not contain wood ; the 
author, then, was in an error when he spoke of the wood and peat, 
whence the strata of coal have been formed. (See the 1 7th Letter to 
the * Journal de Physique,* Vol. xxxix. p. 346.) I understand by 
wood the solid part of trees, such as fir, oak, poplar, &c." Ed. 
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manner inlaid in the masses of the more ancient 
strata. Well informed miners, when they have a suf- 
ficient practice in certain coal-fields, know all their 
strata as they severally lie one above another; so 
that, as soon as in digging they meet with any of 
these stony strata, they know towards what point of 
the horizon, and at what distance, they shall find a 
particular stratum of coal. But such knowledge, 
which may apply to one district does not serve for 
another : a miner who removes to another country, 
and finds coal, can only carry with him to his new 
district the general principles of his art, by which he 
must begin to study all the strata of his field. It is 
thus that in course of time the miners of any country 
come to understand the extent of their coal, that is, 
of the field in which they have a prospect of finding 
it ; or to determine at least its boundaries, which are 
in every direction indicated by soils of very different 
species: oftentimes by strata of calcareous stone, 
which, if inclined towards the former, always pass 
under them, or present to them abrupt sections. 

24. Since the stony strata which enclose and sur- 
round the coal contain marine bodies, this is still a 
farther proof that they had originally a position nearly 
horizontal; nevertheless, we find thena commonly 
considerably inclined, and sometimes nearly vertical 
— ^so that they have undergone, it is plain, the same 
catastrophes of which we have already seen so many 
instances. When the beds of coal are much inclined, 
the miners are commonly impeded towards the bottom, 
before they have dug them thoroughly down, by the 
difficulty of drawing off the water ; which circumstance 
has led some naturalists to think, that the coal is con- 

M 2 
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tinued very low into the earth : but in this they erred; 
for the same strata which the miners thus abandon 
towards the bottom^ appear again further on> and even 
repeatedly, towards the top ; so that it is certain that 
all these masses, now distinct, are parts of one .and 
the same mass, formerly continuous, the broken por- 
tions of which have fallen on one side, and rest one 
against the other, as in the case of the strata of the 
great chains of mountains. Thus the object of the 
chief miner is to discover all these portions of the 
same assemblage of strata which prevails in his field ; 
a task of no small difficulty when the coimtry is in- 
tersected with hills ; for the separate portions do not 
always incline towards the same point, and I have, for 
instance, seen, near Aix la Chapelle, the same bed of 
coal, broken in such a manner, that the vertical 
section, perpendicular to the directions of its planes, 
forms an N, the outer angle of which at the top 
belonged to a hill, and the inner angle at bottom was 
beneath a valley. Lastly, the portions even of the 
first mass, which taken altogether have sensibly the 
same inclination, are often interrupted, in the same 
manner as the metallic veins, by internal sections, by 
rubbish, and by other substances confusedly accumu- 
lated in the space which at first remained vacant, at 
the moment of the fracture ; but there is not the 
same difficulty in recovering the displaced portions ; 
for as soon as the pitman has discovered, beyond 
those substances which form as it were a bad vein, 
the stony stratum which occupies the place where 
the coal ought to be, he can easily Judge where he 
shall find the latter again. 

25. The phenomenon of coal being thus described 
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according to its true characters, connects itself in 
many points with the general causes before explained, 
and it remains only to ascertain its peculiar features. 
I have already stated, why, in the revolutions that 
happened to the ancient sea, islands came to be 
formed : it was because fresh quantities of the liquid 
having penetrated through the fractures that were 
made in the crust, and its surface thus sinking at the 
exterior, those portions of its bottom, which had not 
sunk so low as the rest, were then left dry. Now it 
was upon some of these islands that the peat was 
formed ; in the same manner as it is formed on 
numerous islands of the North Sea. I have likewise 
shown, from very striking phenomena, that the sup- 
ports on which those portions of the crust, which, in 
the catastrophes that happened to the bottom of the 
ancient sea, rested, were themselves exposed to sub- 
sidence, when, in the course of a period more or less 
long, the action of the liquid on the interior pulvicules 
extended beneath them. Then the portions, which 
had been thus supported for some time, themselves 
sank down, and if they happened again to pass under 
the surface of the liquid, there they received a fresh 
accumulation of strata. Here then, I observe, is a 
general cause, which, in its different modifications, is 
impressed in a thousand several ways on the surface 
of our continents, in such sort that the phenomenon 
of coals is only a branch of them, modified by the 
peat. When the islands, of which I have been speak- 
ing, came to sink, the peat was covered with other 
strata, owing to the precipitations that continued to 
take place in the liquid. When afterwards a new 
quantity of the liquid was absorbed in any part, and 
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its surface sank sufficiently for those islands again to 
appear^ fresh peat was formed on them^ which agam 
sank beneath the liquid^ by a new depression of their 
base. Lastly^ in some of the sub3equent great reyo- 
lutions at the bottom of the sea^ these masses^ com- 
posed of vegetable and mineral strata^ underwent a 
very great catastrophe ; they broke and sank down 
afresh^ and the state to which these strata were then 
reduced, differs nothing from what we observe in our 
mountains, except that they belong to a lower stage 
of ruins, by the very repetition of their subsidences; 
this is likewise the case in regard to all our plains, in 
which the same disorder is observable, whenever there 
is sufficient inducement to be at the expense of making 
deep excavations in them. 



OF THE STRATA OF CHALK. 



26. The production of chalk is an operation which 
I also place in this same period, but in coming to it 
immediately after having treated of the formation of 
coal, I do not pretend to follow the order of time. 
This order, indeed, is marked with precision in each 
place, as much by the superposition of strata of dif- 
ferent species, as by the traces of successive acci- 
dents: the same successions are also repeated in a 
number of places, but they are not general, and we 
find in the intervals other kinds of successions, also 
more or less frequently repeated, as well as numerous 
monuments of more particular effects. It is only, 
therefore, by persevering in our observations, that we 
shall be enabled to unravel this chaos; in respect, 
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however, to the general course of the operations, no 
doubt can arise. 

27. Certain naturalists, who from want of sufficient 
knowledge of mineral substances, or from inattention 
to those which have preceded the existence of marine 
animals — ^who even have never thought of enquiring 
whence those animals could have derived the sub- 
stance of their shells and other habitations, have 
imagined that all fossil calcareous strata have been 
produced from their spoils ; and they consider chalk 
as a first state through which these substances have 
passed before they became hme-stone; but the fol- 
lowing are direct proofs of the contrary. Owing to 
the catastrophes which the entire mass of our strata 
has formerly so often undergone, we observe in many 
places the superposition of chalk upon the lime-stone, 
in large sections of the two kinds of strata, forming 
abrupt faces in some hills or cUffs on the sea-shore ; 
and here we find that the first stratum of chalk, 
namely, that which rests on the lime-stone in contact 
with it, is Ukewise similar to all those of the same 
mass, so that the two classes of strata are completely 
distinct from one another. How then is the supposed 
effect of time here perceptible? Each of these classes 
of strata contain marine bodies, but they differ con- 
siderably from each other; for, to confine myself to 
one instance only, in the lime-stone, we find quanti- 
ties of the comua ammonis, of which we have no 
traces in the incumbent chalk, which serves directly 
to prove, that the liquid of the sea had undergone 
some essential change at the time when these last 
strata were formed, as it affected, not only the preci- 
pitations, but the sea animals. Lastly, one of the 
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characters of the chalk is^ that it contains a great 
abundance of flints^ some of them formings as it were, 
a pavement between some of those strata^ others dis- 
seminated through their mass, and Kkewise forming 
some veins. These hard bodies would again recur in 
the lime-stone below, if it were only more ancient 
chalk ; but we do not find them ^ 

^ At the time when I wrote this first demonstration of the error of 
those who have imagined that chalk was a first state of calcareous 
stone, which differs only by a greater hardness produced by time, 
although I had observed, in various countries, and with great atten- 
tion, calcareous strata, and their extraneous bodies, I had no where 
seen any that contained cornua ammonis, or that were without flints ; 
and it was those chalks which I had seen resting on strata of calcare- 
ous stone, containing no such flints, and where cornua ammonis were 
abundant; a circumstance which sufficed to show that calcareous 
stone and chalk were very distinct precipitations in the ancient sea. 
But I have here a new fact to adduce, which leads me to make a 
general remark : viz. that when in certain spots we find abrupt 
changes of certain strata to other strata of different species, we may 
likewise elsewhere meet with gradual transitions in the same beds; 
and this is in particular the case in respect of calcareous stone and 
chalk. Of this, I am about to bring an instance, which will confirm 
what I have said in the text, of the influence exercised over organized 
beings, living at the bottom of the ancient sea, by the changes of 
precipitations which took place in its liquid ; and at the same time 
there will hence result a new degree of probability in favour of the 
opinion given in the next section, on the origin of silex. 

One of my nephews, another of whose observations is mentioned 
in that section, having passed some time in the neighbourhood of 
East-Bourne, on the coast of Sussex, availed himself of the oppor- 
tunity thus offered for studying with care the strata of which the 
cliffs of that coast are composed. From Beachy-Head to East- 
Bourne, the coast runs from S.W. to N.E. ; its cliffs, as is always 
the case, are a section towards the sea of the hills of the country ; 
and along one of those cliffs, the greatest elevation of which, at 
Beachy-Head, is about five hundred feet, on foUowing the beach, 
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28. I have stated^ in the eighteenth and twenty- 
fourth of my Letters in the '' Journal de Physique,** 
ray reasons for believing that the flints are local traus- 

tBe sections of different species of strata are found, which all rise 
towards the N.E* in an angle of from ten to fifteen degrees, and 
terminate upwards ; for their irregular sections form the upper part 
of the cliff, as well as of the hills to which it belongs, which hills 
themselves terminate abruptly towards East-Bourne. That peculiar 
situation of the strata allows of their being observed separately 
without quitting the beach, where their abrupt section terminates 
like a wall, against which the waves, during the high tides, have 
formed a strand. Thus then, following the foot of the cliff, all its 
strata are successively seen throughout a considerable extent, by 
reason of their slight inclination, from those which were formed the 
first, and which terminate towards its extremity on the side next 
East-Bourne, to the last, which constitute the greatest elevation at 
Beachy-Head. 

The former of those strata, which are truncated to the N.E. towards 
the part where the cliff ceases, are of calcareous stone, without flint ; 
and contain, among other shells, many cornua ammonis. Upon this 
first kind of strata, there rests, with the same inclination, another 
very distinct species, which, like all the others, constitute successively 
firom N.E. to S.W. for a certain space the foot of the cliff. Here 
we already find chalk, but it is grey, and its strata have different 
degrees of hardness ; there is as yet no flint ; and with regard to the 
shells, which are there of different species, the softest strata, those 
which lie nearest to the calcareous stone, contain like it cornua am- 
monis ; but they are no longer met with in the following strata, which 
are harder, and where echinites begin to appear, which are not found 
in the calcareous stone. My nephew estimated that this mass of 
chalk might be a hundred feet in thickness. On these strata there 
rests a distinct mass of about two hundred feet in thickness, consist- 
ing of strata of whitish chalk, which in their turn, form for a consider- 
able space the foot of the cliff, where they all appear in succession, 
in consequence of their inclination : there is as yet no vestige whatever 
of flint, and the cornua ammonis disappear in them to such a degree, 
that, with the greatest attention, my nephew discovered only one. 
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fonnations of the chalk itself^ produced by some sub- 
stance precipitated at the same time with it ; which 
circumstance I shall here confine myself to mention 

larger, indeed, than all those which lie had seen in great numher in 
the first of the preceding strata ; it was ten inches in diameter : 
there are some echinites in those strata, but they are not yet there in 
considerable number. Finally, on these last strata are found resting 
beds of common chalk, of a brilliant whiteness, and which, b^inning 
even from the first, abound in flint : they contain many shells, but the 
general mass of them is very different from what we observe in the- 
preceding strata : that species of chalk still contains many sheDs 
which are no longer found in the present sea, such as the belemnites, 
and the species of echinites, of which the sharp points, in the form of 
striated clubs, are called Jewish stones. But the comua ammonis 
have disappeared ; my nephew perceived no trace of them at Beachy- 
Head, namely, in the mass of that last species of strata which rest 
immediately on the preceding ; I have never seen any in the strata 
of that chalk which I have examined in various places. Having, 
however, foUowed the coast for a space of from twelve to fifteen 
miles to the S.W., my nephew found on the beach, at the foot of a 
cliff of that same chalk, the remains of a Nestor of that race, which 
probably had survived it some time ; it was a large fragment only, 
but sufficient to enable us to judge that the entire shell was at the 
least two feet nine inches in diameter ; it was of that species whose 
last involution covers all the others, in the manner of the nautili. It 
is not therefore trituration which has occasioned the disappearance of 
the comua ammonis in the chalk strata, as those naturalists might 
imagine who consider the chalks to be the detritus of marine bodies. 
I do not dwell upon this notion, the error of which is so evident, not 
only from the perfect preservation of shells quite as fragile as the 
comua ammonis, and which are found there in great abundance, hut 
from the accumulation in regular strata, each according to its species, 
and from the changes of the species themselves. 

We see from this instance, the changes which the marine animals 
underwent, even during the gradual transition from the calcareous 
stone to the chalk containing flints, which elsewhere differ much 
more widely from each other ; and we also perceive that it was at 
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only^ as I do also with respect to another^ which I 
have proved in the thirteenth of those Letters^ and 
before in my Lettres sur I'Histoire de la Terre et de 
rHonune ; namely^ that all the flinty gravel dispersed 
in so many places among the loose strata of the sur- 
&ce of our continents^ has been formed in chalk 
strata. Whence it follows^ that at the times posterior 
to the formation of these strata^ there happened in 
certain parts of the hqnid^ changes which gave it a 
power of dissolving them, without, however, its having 
any effect on the flints, which thus remained on the 
bed of the sea. 

29. I think it not necessary to return here to those 
considerations, which render it evident that the chy- 
mical operations through which our globe has arrived 
at the state in which we now find it, can be assimi- 
lated only by general characters to those that we 



the period when the precipitation of the substance of the chalk was 
intermixed with molecules proper for converting it partially into 
silexy that at length the race of the comua ammonis, consisting of so 
many difierent species, came to be whoUy destroyed : a period like- 
wise when, in other places, immediately upon the strata of calcareous 
stone, were formed the strata of sand-stone, mentioned at the end 
of the preceding Letter. 

[Hie above note contains the observations of Mr. J. A. de Luc, 
the younger, on the Sussex coast, made in 1796 ; observations which 
were confirmed twenty years afterwards, by the English geologists. 
They were erroneously ascribed by M. Alex. Brongniart, in his 
Geologie des Environs de Paris, to our author. At the end of the 
note, the latter supposes that the race of the ammonites ceased to 
exist in the chalk containing flints : but since the publication of the 
work, some ammonites have been found in the chalk beds. See 
** Geology of England," p. 100, where the authors speak of an am- 
monite seen above a stratum of flints near Dover.] Ed. 
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observe to take place at this day. Thus^ with regard 
to the dissolution of the chalky in the same liquid 
that produced it, it will be sufficient to observe, that 
in many known cases, changes almost insensible in a 
liquid produce this same effect. We must not lose 
sight of this consideration in the study of geological 
phenomena ; and I entertain no doubt, that through 
such study, and the progress of observation, we shall 
be enabled to account for many other particular phe- 
nomena that still embarrass us, of which I shall heie 
adduce another instance. 



OF ROCK SALT. 

30. This phenomenon, so visibly peculiar, has" 
nevertheless (like the phenomenon of volcanos) given 
birth to geological systems, in which, supposing that 
there could be no other producing cause of a salt so 
nearly resembling sea-salt, but the evaporation of a 
certain quantity of the water of the sea, and finding 
nevertheless stony strata resting upon, and sometimes 
interposed between the beds of rock-salt, their framers 
thought it necessary to assume, that the sea had at 
various times covered our continents. I have shown, ] 
in the twenty-fourth of my Letters in the Journal de 1 
Physique, that this idea of the invasion and recession ; 
of the sea, is contradicted by all the facts ; and there 
also I have made it evident, that nothing in general . 
chymistry contradicts the supposition, that these salts 
have been precipitated from the sea itself, owing to 
some local changes in its liquid. But after this pre- 
cipitation, there followed others of a different kind, 
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which produced certain stony strata ; and these^ after 
various alternations of the two kinds, in some places, 
served to protect the strata of salt from the action of 
the liquid, when, after new precipitations, it had 
arrived at that state in which it could dissolve them, 
as would now happen, were they. to pass again under 
the waters of the sea. 

31. This phenomenon, then, considered in its ge- 
neral character, belongs to the general causes to 
which we owe all our strata ; and in that particularity, 
of a change in the liquid, which rendered it capable 
of dissolving a substance formed in it, it . is analogous 
to the dissolution of the chalky strata, with only this 
difference, that the latter have left us their flints, 
whereas nothing in the salt strata could remain to 
point out those . substances which, since their forma- 
tion, have perhaps been dissolved. Lastly, these 
alternate strata of rock-salt and stone have under- 
gone^ like the bed& of coal and fossil peat, the great 
catastrophes that have taken place at the bottom of 
the ancient sea, and are accordingly found in those 
broken masses which form all the eminences on our 
continents, or extend, in this confused state, under 
other strata which characterize the following period ^ 



SIXTH PERIOD. 



32. I. fix the commencement of this new period at 
the time when the greater part of the stony strata, 

* See Journ. de Physique, Tom. xxxvii. pp. 446 — 459 ; xxxviii. 
pp. 90—109. 174—191. 
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after having been produced^ had already suffered the 
catastrophes I have described in the preceding periods. 
The precipitations which continued to take place in 
the hquid^ produced then scarcely any substances 
capable of forming hard strata, by remaining at the 
bottom of the sea; these new precipitations were 
different powders, calcareous, argillaceous, or ferrugi-* 
nous, and also sands. I have proved in my first 
Letter, that all these strata are, like the former, the 
immediate productions of the ancient sea. As for the 
gravels which we find intermixed with them, those of 
flint proceed, as I have said above, from the strata of 
chalk that have been dissolved ; and those which con- 
sist of fragments of stony strata, chiefly primordial^ 
proceed from the revolutions which the bottom of 
the sea was so frequently undergoing, other instances 
of which we shall soon come to. I have treated this 
matter at length in the works quoted above. 

33. The strata that mark this period, are then 
principally those loose strata at the surface of our 
continents, which are intermixed in so many places 
with the spoils of marine animals ; they accumulated 
on the stony strata in the disorder in which they 
already were, except on the moimtains, many of 
which were become islands. We find also, here and i 
there, in the plains, hills formed of stony strata, 
which, in consequence of various revolutions, are not i 
covered with these loose strata ; again, other masses 
of the stony strata are imbedded in the soil, raising 
their summits near the surface. These stony masses \ 
are in ruins, and their broken strata are inclined in 
every direction. In sandy countries these rocks are 
sought for beneath the soil, in order to procure stones 
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for building. M. de Dolomieu has given us a very 
interesting instance of this phenomenon with respect 
to Lower Egypt. In those sands^ which he has 
proved to have been deposited upon all the other 
strata^ before the Nile or any of our rivers existed^ 
there rise here and there calcareous rocks^ the strata 
of which extend beneath the sands ; and it is in 
the neighbourhood of these rocks, as fomishing the 
materials^ that the most ancient cities of that country 
were built. Now, in following under the soil in many 
countries, these summits of subterraneous mountains, 
we find, as in the coal-fields and mines of rock-salt, 
that the bases of our hills and plains, which are 
Covered with loose strata, are as certainly as the 
mountains that project outwardly, the ruins of stony 
strata. 

34. These loose strata themselves have undergone 
divers catastrophes before they were abandoned by 
the sea ; and probably also they sufiered at the era 
of this great revolution. The marks of these catas- 
trophes are the abrupt sides of many of the hills, 
which present vast sections, the whole of which, or 
greater or less portions towards the top, consist of 
loose strata, while all the rest of the soil is depressed 
bdow them. When these phenomena, very common 
in every country, have been attentively considered, we 
cannot doubt that they are the effects of the last sub- 
sidences which the entire mass of the strata has ii^ 
those places undergone ; I have observed them with 
all their modifications in a variety of countries, and 
every where it was obvious that they could not be 
ascribed to any other cause. The loose strata, thus 
broken, are often much inclined, together with the 



176 LETTER IV. 

stony strata that lie below them ; and in numerous 
places there is found upon them^ as well as upon our 
calcareous mountains^ a great abundance. of frag- 
ments^ frequently of an enormous size^ of primorcUal 
strata^ which must have been driven from, the inner 
parts by the violent eruptions of the expansible, fluids^ 
during the catastrophes and partial subsidences of the 
whole mass of strata down to the granite \ 



OF VOSUUs BONES. 

35. Another phenomenon^ which, in the number of 
geological monuments, characterizes this period, is 
the remains of terrestrial animals deposited in tlie 
loose strata ; the first trace of the existence of these 
animals on our globe. I have already shown in my 
first Letter, that this phenomenon is one of those that 
serve to demonstrate the inconsiderable antiquity of 
our continents ; on adverting to the degree of pre- 
servation in which the bodies of these animals are 
found in strata not very deep, composed of loose mate- 
rials, and which the rain water is continually pervading 
to form our springs. When, therefore, we seek to ; 

* •••••••••• Among the systematic views of M. de Saussure, on 

which I do not agree with him, is his opinion that the dispersion of 
the granite blocks and other fragments of primordial stones, was 
produced by what he terms debacle, or the retreat of the sea. from the 
surface of our continents •••••••• I trust that in a future pub- 
lication, which will contain many new facts, I shall succeed in pro- 
ducing a change in the sentiments of that eminent observer, by 
connecting the phenomenon of the scattered blocks, not with the 
dSbacle, but with the overthrow of the strata, on which last point he 
was my first guide. [See the author's Travels in France, &c.] 
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determine at what distance of time these bodies were 
deposited in the places where they are founds we must 
for the moment forget that we have to speak of the 
rhinoceros^ elephant^ and hippopotamus^ which at one 
time existed in our cUmates, together with kine, deer, 
and other of our European quadrupeds : this mixture, 
80 surprising, is, without doubt, a great phenomenon, 
but its cause is not to be sought for in the long lapse 
of time, as I am going first to call to mind. 

36. Those who have fancied that elephants arid 
rhinoceroses have passed southward by a regular 
course of changes on our globe, have imagined they 
found this explained by the idea that the globe has 
gradually cooled, and that the sun having longer 
maintained its heat between the tropics, these animals, 
which at first hved to the north, have gradually 
migrated towards those regions which they now inha- 
bit. But this is quite a gratuitous hypothesis; for 
since the whole course of the observations of mankind 
has not served to discover any sign of this cooling of 
the globe, there is no limit to the time to be assigned 
for such a change in the temperature ; while the state 
of the preservation of the bodies of which we have been 
speaking, fixes very narrow limits to the time that has 
elapsed since these animals existed in our climates. 

37. But let us come to the real fact. If there had 
been a gradual migration of elephants and rhino- 
ceroses from the north to the south, our continents 
must have themselves existed at the time these ani- 
mals inhabited our latitudes, since they must have 
passed from country to country into the regions they 
now inhabit ; and this is what they suppose : but the 
remains of these animals are found in such strata as 
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contain also the remains of marine animals ; the sea^ 
therefore, as yet covered these countries at the time 
when these quadrupeds, now foreign to us, were living; 
which totally contradicts their supposed migration on 
pur continents. There happened then to these ter- 
restrial animals, at this period, what had happened in 
the preceding period to sijch quantities of vegetable 
substances ; those which inhabited islands, the mass of 
which had not yet a solid base, were enveloped in. their 
catastrophes. Some of them saved themselves by 
swimming to other islands ; and they are those that 
perished in the passage, or those whose bodies which 
we find buried in our strata, were already deposited 
in these islands before they sunk below the level of 
the sea. There has happened then some revolution 
on our globe, since the time when these animals lived 
in our latitudes, and it is in this revolution that we 
shall discover the cause why they^no longer live there. 
This will be explained in the sequel. 

38. We must not confound this phenomenon with 
that of the bones, which are found in such quantities 
in certain caverns. I had made, this mistake in my 
Letters on the History of the Earth, &c. in describing 
the cavern of Squartzfeld ; but I rectified it in the 
14th of my Letters in the Journal de Physique. This 
latter phenomenon differs essentially firom the former, 
because the bones in question are found buried under 
an accumulation of stalactites, which shows that they 
were deposited there at times when these caverns 
were already above the surface of the sea. I have 
stated in the same Letter the reasons that lead me to 
believe that these caverns belonged to islands, which 
have since become the summits of our hills and raoun- 
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tains^ and that they then served as places of retire- 
ment to quadrupeds^ principally amphibious ; which I 
have exemplified from certain parts of the coast of 
Scotland^ whjere the same thing still takes place. The 
sea-cows chiefly retire into caves along the coast, 
when they are sick, and die there \ These ancient 
caverns were then, as it w^re, cemeteries for the ani- 
mals which inhabited or frequented the islands to 
which they belonged, which alone can account for the 
prodigious quantity of the bones of animals foreign to 
the country, which have there been found heaped up 
and covered with stalactite ; and we have proofs that 
they have not been there for many ages ; for those 
which are not thus covered are in great preservation ; 
and in many of these caverns the progress of the sta- 
lactite has been observed by succeeding generations. 

39. In thus drawing near to the epoch when the 
organized beings of our globe, marine as well as ter- 
restrial/arrived at the state in which they now subsist, 
r ought to premise, that I have not had any intention 
in these Letters to speak of their origin ; it is too im- 
portant a subject to be treated transitorily: but I shall 
devote to it an additional Letter, after ha\dng com- 
pleted my observations on what regards the earth 
itself*. I therefore shall confine myself to the re- 
mark, conformably to what I have already stated, that 
the remains of animals, both marine and terrestrial, 
and of vegetables which we find in the last strata pro- 
duced by the sea, previously to its retreat from our 
continents, are almost entirely similar to the species 

* See Introduction, Sect. V. note. 

' That Letter fonns the seventh of the French edition. — Ei>. 
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now existing, and that the only difference of conse- 
quence to be noticed is, the change of latitude in 
regard to some of the species; a circumstance not 
peculiar to the terrestrial animals, but which extends 
to numerous species of marine animals. 

40. At length, then, I have arrived, through a series 
of geological monuments and physical causes, at the 
end of the sixth of those periods, into which I have 
divided the chain of operations which commenced 
from the addition of Ugkt to the other substances of 
which the earth is composed ; fixing for the end of 
those periods, on the epoch when the sea was ready to 
abandon its first bed. I said at my entrance upon this 
discussion, that these six periods bore a relation to 
the six DATS mentioned in the first chapter of Genesis; 
nevertheless I have not adverted afresh to this idea 
(excepting in some particular cases) in the course of 
my exposition, because it is to stand alone. But when 
well-informed men shall come seriously to attend to 
the relation that subsists between the circumstances 
characteristic of each of these days, and what has 
passed on our globe in the periods corresponding, 
proved by monuments open to every one's observation, 
they will acknowledge that nature herself pays homage 
to that sacred and sublime history, which will receive 
very striking confirmations in the course of the period 
in which we live. 

41. There is one main circumstance only of which 
these monuments give no evidence, namely, the 
appearance of man, in the sixth period ; no human 
skeleton having been found in our strata ; but from 
this we can draw no other geological consequence, 
independently of the Mosaic narrative, except that 
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men^ if they existed then, had not passed, as the ani- 
mals and vegetables had, into such islands as were 
subject to submersion ; that they had remained on the 
ancient continents, and that they were destroyed with 
them in some succeeding revolution in which those 
continents suddenly sank, so as that the sea over- 
flowed that portion of the globe, and abandoned its 
ancient bed, thus become our present continents. 
This shall be the subject of my next Letter; and when 
I shall come to point out the astonishing agreement of 
that catastrophe with the circumstances of the deluge 
as described by Moses, I shall particularly show that 
the absence of human reliquiae from our strata, is in 
itself a very important phenomenon. 






LETTER V. 

Birth of our Continents — Proofs of the little distance of 

that epoch. 



Windsor, July 1, 1794. 

Sir, 

There exists no longer any doubt amongst naturalists 
that at the period of the birth of our continents^ they 
were, and had been, for a long time, the bed of the 
sea ; so that the principal object of geology is to 
explain, " how the sea, after having been once higher 
than our continents, comes now to be depressed 
below them." 

1. I have not, in these Letters, reverted to that 
question, " whether this important change that has 
happened on the surface of our globe has been pro- 
duced gradually, or by a sudden revolution," because 
I have fully discussed it in my Letters on the History 
of the Earth and of Man, where I have proved, as 
well in answer to those systems that are founded on 
gradual causes, as in a general way, that the birth of 
our continents has not been gradual, but sudden ; and 
this is what has been also admitted by two of the 
most distinguished geologists of our time, M. de 
Saussure and M. de Dolomieu. But it remains to 
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determine the nature of this revolution ; and I shall 
proceed first to cite some facts which clearly point 
it out. 

2. We have seen that the entire mass of our con- 
tinents is composed of strata^ produced by the sea 
while it occupied this portion of the globe. These 
strata, which we may every where unequivocally 
trace, notwithstanding the various accidents they have 
undergone, extend every where down to the present 
sea, of which, after this revolution, they constituted 
the new boundaries. On this account I shall call 
them continental soil. 

3. As soon as the sea had changed its bed, the 
rivers were formed upon the new continents, and 
arriving at the sea, began to deposit at their mouths 
liie mud they brought down with them : the sea also, 
agitating the sand in the more shallow parts, drove it 
back towards its shores by the action of the currents 
and tides. From these two causes, new lands began 
to be formed, which, contiguously to certain parts of 
the original coast, occupied successively the place of 
the water. These new lands are every where as dis- 
tinct from the continental soil, as a layer of sand or 
gravel in front of a house, is from the house itself ; 
their existence evidently proves that the level of the 
sea has had no tendency to rise since it has occupied 
its present bed ; for, in this case, it would have suc- 
cessively overflowed either every where, or near cer- 
tain coasts, the sediments that were deposited on its 
shores ; whereas there are new lands upon every coast, 
or in its vicinity. If, on the contrary, the sea had had 
a tendency to sink, the new lands would necessarily 
have a regular slope towards it, by which we might 
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be able to measure the quantity of its depression since 
it occupied its present bed : but all the new lands, 
on every coasts of whatever extent they may be, are 
sensibly horizontal. This phenomenon, then, amounts 
to an absolute demonstration, that the sea has under- 
gone no change in its level since it has occupied its 
present bed. 

4. But before the sea occupied this bed, it covered 
our continents, and thus existed at a much higher 
level. What barriers could then retain it ? It was 
impossible they could be other than lands more ele- 
vated than itself, which consequently occupied the 
place where the sea now is, and we know certainly, 
from the quantity of the remains of vegetables and 
terrestrial animals, which have been buried in our 
strata while yet under the sea, that there did at that 
time exist such lands. Thus, in order that the sea 
should have retired from the surface of our present 
continents, other continents, which before served it 
for a barrier, must necessarily have sunk so as to form 
the basin which it at present occupies. 

5. This is a necessary consequence of the above 
facts, and its evidence does not depend on our deter- 
mining how this revolution happened ; but we shall 
soon discover it, by continuing to pursue the train of 
causes established in my former Letters, of which I 
shall, in few words, recall to your recollection such 
parts as the subject requires. 

6. The state of disorder in which we find all our 
strata, could have been produced only by considerable 
and repeated subsidences of the greater part of their 
mass, at eras marked by their monuments. These 
subsidences of the bottom of the ancient sea could 
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proceed only from the successive formation of caverns 
within, into which the increasing crust of strata, from 
tone to time, fell down. By this is to be explained 
that great phenomenon which has given birth to geo- 
logy, namely, the disappearance, at the exterior, of a 
great part of the liquid which formerly covered the 
whole globe, at a level exceeding our highest moun- 
tains. We have also found, in this disruption of the 
caverns, from whence issued, each time, new expan- 
sible fluids, the chymical cause of the successive 
changes in the precipitations that took place in the 
liquid, as well as of the simultaneous changes under- 
gone by the atmosphere, so visible from the history 
of vegetables and animals. Lastly, when tracing the 
course of these operations, I pointed out an epoch at 
which, whilst the liquid covered the whole globe, a 
more rapid enlargement of the caverns under one por- 
tion of the crust of strata occasioned its sudden 
depression ; by which, added to the infiltration that 
followed of a great part of the liquid in the interior of 
the globe, it ceased to cover more than the part which 
had subsided, which at once formed the first sea, and 
gave birth to the first continents. Such are the facts 
I wished to recall to your remembrance ; I now pro- 
ceed with the thread of this history. 

7. After this first revolution, the lands produced 
were for a long time safe from greater catastrophes, 
ovdng to their being relieved from the weight of the 
liquid, which, at the same time, could only make its 
way beneath them at their borders, which served as 
the confines of the sea. In the long course of catas- 
trophes that happened to the bottom of that sea, some 
of the liquid, from time to time, thus passed under 
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the land : but this infiltration was slow^ and in pro^ 
portion as it produced the subsidence of the mass of 
pulvicules^ concretions continued to be formed in 
these^ which gradually multiplied the props of tk 
crust of the strata, as the cavities increased in size 
and number beneath it ; so that this crust now rested 
only on a foundation to a great depth cavernous. 
Such was the state in which the ancient continents 
were at the period where I left those operations in 
my last Letter, a state conformable to the progress of 
the causes which had produced all the effects we may 
trace up to that time, through a series of characterii^c 
monuments. 

8. But at length, by some new catastrophe at the 
bottom of the sea, directed by Him on whom events 
depend, a great portion of the liquid suddenly pene- 
trated into the lowest caverns under these lands, and 
there occasioned a subsidence of the pulvicules, even 
under the lowest supports, beneath the cavernous 
mass ; this then began to fall in ; its demolition gra- 
dually extended even to the exterior crust, which, 
giving way, completed the destruction of all the sup- 
ports, on which, up to that period, it had rested ; and 
the sea having no longer any barriers, flowed over this 
portion of the globe, where, in a little time, it settled 
itself at the level we now find it. Such then was the 
cause of this revolution, of which, as we have just 
seen, the nature is pointed out by decisive pheno- 
mena ; and we shall see it still further characterized 
by many others. 

9. I have said in my preceding Letter, that the last 
precipitations which took place in the sea, while it 
occupied its ancient bed, produced our beds of sand 
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%nd other loose substances, which cover the ruins of 
the stony strata on our plains and hills. I will now 
Euld, that when the sea had changed its bed, the same 
operation continued, or Wias renewed for some time ; 
by which its bottom became covered with a great 
quantity of sand. This accounts for the close resem- 
blance which exists between what we call the sea-sand, 
and the sand of so many of our hills and plains ; and 
this is one of the circumstances which prove, as other 
naturalists have remarked, that the sea once covered 
all these lands. But this insulated proposition 1$ 
insufficient: it must be connected with the proofs 
that result from the great accumulations of shells and 
other marine bodies, found in so many places in those 
superficial strata, and with the quantities of the same 
bodies found buried in some species of strata, while 
yet covered by the sea. It was not then (as some 
geologists had thought) by its incursions upon our cout 
tinents, that the sea covered them with so much sand : 
it deposited the sand stratum by stratum, during its 
abode upon them ; and it is by some continuation of 
these last precipitations upon that ancient bed, that 
it has also covered its new bed with the quantity of 
sand which we there find K 

^ ** We must distinguish," observes Mr. J. A. de Luc, the 
yrounger, in agreement with the opinion of the author, " between the 
beds of sand and gravel and rolled pebbles produced by the great 
revolution, and the quartzose sands dispersed at the surface of so 
many countries. The first are only the detritus of the rocks of 
mountains ; we have considerable accumulations of them in the basin . 
of Geneva. The quartzose sands are undoubtedly a chymical pre- 
cipitation of the ancient sea. Such are the sands of the north of 
Germany, those of the Hebrides, those on the coasts of Senegal, of 
New Holland, of deserts ; these sands are homogeneous, and do not 
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10. These precipitations of sand put an end to all 
the great chjonical operations which the addition of 
light to the mass of the other substances of the earth 
had set in motion ; for since that time, no predpita^j 
tion whatever has taken place in the sea ; and tl 
cessation, in consequence of the circumstances which 
have accompanied it, comes now in support of all that 
I have said of the series of the great operations which 
have formerly taken place upon our globe. The level 
of the sea not having changed since its residence in 
its new bed, is a proof that no more great caverns 
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proceed from the detritus of rocks. Notwithstanding, it must some- 
times happen that those two kinds of sand are intermixed according 
to the localities. Thus in the north of Germany, and in the eastern 
provinces of Holland, the quartzose sand of the Geest is mixed with 
fragments of primordial stones and flints ; these fragments are often 
reduced into sand, especially the micaceous rocks. When De Luc 
says, Letter V. §, 9. that the sea has deposited the sand stratum hy 
stratum, while it yet remained on our continents, he speaks of the 
quartzose sand. At Husum, and along a considerable part of the 
Elbe, the continental soil has the name of geest, in order to distin- 
guish it from that of the new lands on the coast, which is called 
marsch,** See Geol. Trav. vol. i. §. 381. 

- In the same manner that we can distinguish two sorts of sand, we 
may likewise distinguish two sorts of gravel ; the first consists of the 
flints which have been liberated in consequence of the dissolution of 
the chalk, — and also of gravels which have proceeded from other 
rocks, and have been dispersed over the bottom of the ancient sea; 
the second sort was produced by the currents of the ocean when it 
changed its bed, or at the period of the last revolution. Mr. J. A. 
de Luc further observes, that the beds of marl in Piedmont enclose 
different beds of marine shells, and that, when traversing the province 
of Asti, he found no rolled pebbles in them. He considers it pro- 
bable that those marls are a precipitation from the sea, for he was 
unable to discover any rocks of which they could be the detritus. 
—Ed. 



* 

LETTER V. 189 

have been opened within it, from which the liquid, in 
act of absorption, caused new expansible fluids to 
me forth. Now such is the reason that the liquid 
it remained at the exterior no longer parts with 
ly of the ingredients which it still retains, for it 
^uld do so only by some new chymical cause ; and 
'in the present state of rest of the mass of the globe, 
there exists no longer any cause of fresh precipita- 
tions. Thus the present water of the sea is the resi- 
due, hitherto unchanged, of the liquid, which at one 
time covered all the globe, and from which were sepa- 
rated all the substances which constitute our present 
lands ; and by this state of rest, at which the great 
agents of the operations that have taken place on our 
globe have at length arrived, its atmosphere, one of 
the products of these chymical operations, has acquired 
at the same time, a state sensibly fixed : so that we 
Ho longer see on our globe any other general effects 
than such as proceed from the vicissitudes of the sea- 
Sons, and the reciprocal actions constantly taking place 
between the atmosphere and its basis, namely, waters 
and the surface of different soils ^ 

11. I have now. Sir, accomplished the task I set 
myself in my first Letter, that of explaining, by phy- 
sical causes, all the monuments of the great revolutions 
that we find on the surface of our globe. General 
physics, chymistry, and natural history, have served 
to conduct me through these monuments, from a very 
striking epoch, namely, that in which hght was added 
to the other elements of the earth, to the birth of our 
present continents, the characters of which, at this day 

• * For further details on this part of the subject, see Joum, de 
Physique, torn, xxxviii. pp. 275 — 288 ; torn. xli. (part ii.) pp. 221 
—227.— Ed. 
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weU determined, have served me as guides in this 
research. I have called that series of events the 
ancient history of the earth, in which we distinguish 
only a succession of periods, without any determina- 
tion of time, because we can discover there general 
causes only, acting according to certain circumstances, 
indicated indeed by the phenomena, but which no 
longer exist, and of which, consequently, we cannot 
compare the effects with time. The scene is now 
about to change ; and I shall therefore call that the 
modem hiMory which I am now going to enter upon, 
in which we shall find every thing that a fixed chro- 
nology requires. 

HISTORY OF THE EARTH SINCE THE BIRTH OF OUR 

CONTINENTS. 

12. The two first objects we have to consider in 
this new period of our globe, are, the change that took 
place in its external temperature at the time of the 
revolution I have been describing, and the origin of the 
population of the new continents. With respect to 
the first, we have to recollect, that the rays of the sun 
are not of themselves calorific ; that they do not be- 
come so with regard to the earth, but by passing 
through its atmosphere, and falling on different bodies, 
and by their being there so modified as to produce the 
immediate cause of heat, which, with all naturalists, I 
have called fire. We also know, that the production 
of fire by the rays of the sun, is, cceteris paribtis, more 
or less abundant, according to the state of the atmos- 
phere, and of the several bodies ; and that the perma- 
nence of the igneous fluid, whether firee or combined 
with other substances, and consequently the preserva- 
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tion of the heat produced by the rays of the sun, 
depend on the nature of the operations that take 
place in the atmosphere, and at the surface of the soil. 
Now, our atmosphere was formed by degrees, in pro- 
portion as the substances of our strata were precipi- 
tated in the liquid that produced them ; and we see 
that it underwent successive changes, by what hap- 
pened to the vegetables of the earth, at the same time 
that the races of marine animals also suffered changes 
by corresponding modifications of the hquid of the sea. 
Lastly, we have seen, that these two classes of changes 
had, for an immediate cause, certain successive revo- 
lutions of the bottom of that liquid. Here, then, is 
the point I shall set out from, to determine the first 
object of enquiry in this new state of the earth; 
namely, a great change of temperature in the regions 
without the tropics, in consequence of which, animals 
living there before that revolution, , as is rendered 
evident by the quantity of their carcases found in our 
superficial strata, could no longer exist in them. 

13. Since the great revolution which gave birth to 
the first lands on our globe, there has been none 
equally considerable, except that which destroyed 
those lands, and gave birth to our present continents. 
The atmosphere must have again undergone a great 
change in this latter revolution. There happened 
certainly at that time also a very great change in the 
dry sur&ce of our globe ; since the lands that were 
swallowed up consisted only of primordial strata: 
whereas the new continents have at their surface, and 
to a great depth, all the posterior strata ; so that the 
primordial beds appear only here and there, owing to 
convulsions imdergone by the whole mass of strata. 
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Lastly, after the precipitation of sand upon its ancient 
bed, the sea itself was no longer the same compound, 
and the nature of its exhalations was changed. 

14. Here, then, are two very great changes which 
have taken place on our globe at the birth of our con- 
tinents, and from these may have resulted very sen- 
sible modifications of the influence of the solar ra}r8, 
not only with regard to heat, but with respect to all 
their operations. Without doubt we could not con- 
clude from these, arguing d priori, that certain animals, 
which formerly lived without the tropics, could live 
there no longer in the new state of things ; for we are 
still too ignorant of the composition of the atmosphere 
to trace its causes and effects to this depth : but, find- 
ing in our superficial loose strata carcases of elephants 
and rhinoceroses in such a state of preservation as 
proves they cannot have been deposited there a great 
number of ages, we are led to the general conclusion, 
that not very long ago a great change must have taken 
place in the physical causes operating at the earth's 
Surface, subsequently to which those animals have 
ceased to exist in the regions which they previously 
could occupy. We know in general, in this respect, 
that differences in the state of the atmosphere, as well 
as in the nature of soils, sensibly modify the action of 
the rays of the sun, whether with regard to the pro- 
duction of heat, or the duration of the heat produced. 
Accordingly, permanent changes of this kind may have 
produced the great actual difference between the tem- 
peratures of winters and summers, and even between 
the days and nights in our regions ^ Naturahsts had 

* " Previously to the birth of our continents," says the author, 
'' the same animals, marine as well as terrestrial, lived equally in all 
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tfontented themselves with assigning as causes of these 
differences those of the positions of the sun ; because 
the intermediate causes by which its rays produce heat 
had not hitherto been considered ; but although those 
causes are not as yet well defined, they are, notwith- 
standing, at this day, admitted by all observant philo- 
^phers. Now those intermediate causes may formerly 
have been such, as constantly and more completely to 
produce what we observe to a certain degree in the 
actual state of the globe ; namely, that external heat 
results only as a secondary effect, greatly modified by 
intermediate causes, from the different positions of the 
Bun; insomuch that in our regions, the nights are 
often as hot as the days which precede or follow them, 
— ^that mild winters precede or follow cool summers ; 
and that these modifications differ in different coun- 

latitudes ; for in every latitude we find in our superficial strata, par- 
dcular kinds of marine and amphibious animals, such as the great 
pearl nautilus, and the hippopotamus, (which at present live only 
between the tropics), as in like manner we discover in them the car- 
cases of the elephant and the rhinoceros. Doubtless at that period 
the atmosphere was such, that by a longer preservation of the calo- 
rific efifects produced in it by the solar rays, the heat was much more 
equal at the earth's surface. Whoever has noticed the great differ- 
ences which sometimes occur even in the present state of the globe, 
in the temperature of the winters in northern regions, without our 
being able to assign a cause for them, will not refuse to admit the 
inference which those facts necessarily seem to require, and respect- 
ing which geology supplies us with general views, namely, that before 
our continents were abandoned by the waters of the sea, the tempe- 
rature was considerably higher at the surface of the earth than at 
present." — See the Author's " Remarques sur TOrigine des Etres 
organises,'* a dissertation forming the seventh Letter of the French 
Edition of this work. Bt). 
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tries at the same latitude. It is, therefore, yery natu* 
ral to conclude, that previously to that revolution of 
the globe which gave birth to our lands, the respec* 
tive states of the atmosphere, of the sea, and of the 
soil was such, that the differences of the external heat 
were not so great between the different latitudes ; and 
that in our regions its vicissitudes, from day to night, 
and from summer to winter, were less considerable 
than they are* at present ; which sufficiently accounts 
for some species of animals living in those r^ions 
formerly, which at this day can exist only in latitudes 
where the sun renews more constantly its productive 
effect of heat. Lastly, a circumstance immediately 
provmg that at the time when our lands were aban* 
doned by the waters of the sea, some change of this 
nature occurred in the physical causes which act upon 
the globe, is, that this revolution has affected not only 
some species of terrestrial, but different kinds of ma- 
rine animals. For we likewise find, in our superficial 
loose strata, some shells of a race that was destroyed 
by the same revolution, and of others which since that 
time have been found to exist only between the tropics. 
Thus these phenomena of the organized beings on our 
globe, inexplicable by means of every slow cause, and 
which thus announce a great revolution at some de- 
termined epoch, are accounted for through the inter- 
vention of particular physical causes of a known kind, 
by the same revolution which we have already seen 
characterized by so many other phenomena. 

15. The other object we have to settle, before we 
enter on the history of the new continents, is, the 
commencement of their population. In treating rf 
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that subject in this place^ I do not mean to specify 
any thing either with respect to man, domestic ani- 
mals, or even the greater part of cultivated plants i I 
shall come to this hereafter: at present I have nothing 
in view but the general object. 
. 16. We have seen already, that in numerous parts 
of the ancient sea, not near the coasts only, but 
throughout its whole extent, the strata which it pro- 
duced successively enveloped carcases of terrestrial 
animals, and, above all, a prodigious quantity of vege- 
table substances, which could proceed only from a 
great number of islands, already peopled, the origin 
of which I have also explained, and whose history I 
have traced. A number of similar islands still re^- 
mained in that sea, up to its retreat ; and as it retired 
to a lower bed, those islands, covered with plants, and 
peopled with animals, became the summits of our 
mountains. The winds and rains transported from 
thence the seeds of plants to lower lands, — ^birds, and 
othar animals assisting, and these spread as their nou- 
rishment increased, on the hills and plains, wherever 
in the new state of things, the chmate suited them. 
Such is the general source of the population of our 
continents, of which we shall see successively the 
proofe. 

17. I have already stated that the history of the 
new lands, subjected, as soon as they were dry, to the 
mfluence of those causes which are at present operat- 
ing before our eyes, had a progress truly chronological 
in all its parts ; and this I will now further say, (with- 
out as yet entering into the detailed examination of 
ttje connections of the revolution of which I have just 
established the existence and the characters, with the 
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circumstances of the deluge described by Moses^) the 
common result of the several investigations I am going 
into^ will in the first place be a confirmation of the 
sacred chronology since this event. 

18. As the first object in this enquiry^ I shall advert 
to the history of vegetation^ which alone comprises a 
field of great variety. The seeds of mosses^ grasses^ 
heathy and a thousand other plants^ which we find 
growing in uncultivated lands, were transported from 
the loftier spots, and carried over all the hills and 
plains ; and the vast extent of sandy grounds became 
thus almost every where what we now call heaths. 
It is of this kind of uncultivated land I shall first treat 
The annual remains of plants accumulating on the 
sands, and other soils immediately favourable to vege- 
tation, began to cover them with that blackish earth 
(humus), in which we find the present plants rooteA 
There are immense tracts of these lands which have 
yet received no cultivation, and on which, therefore, 
the stratum of blackish soil is the entire residue of all 
the vegetables which have grown and perished there 
since the birth of our continents. In places too far 
from every habitation, for even the shepherds to lead 
their flocks to, and where the heath alone vegetates, 
at whatever elevation such spots are above the level of 
the sea, this blackish stratum is found (always mixed 
with a fine sand brought from other places by strong 
winds) about a foot and a half in thickness. Now the 
progress of this stratum is accompanied in many places 
with chronological monuments, and I shall describe 
one of those I have mentioned, in treating this subject 
much at large, in my *' Lettres sur I'Histoire de la 
Terre, &c.- 
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19. The first inhabitants of the north of Germany 
were shepherds, who, as yet, had no fixed habitations ; 
so that the only monuments remaining of them are 
their tombs : they deposited the ashes of their dead in 
urns, which they buried in open places, principally on 
the heights, and covered them with earth. We find 
a number of these tombs on hills still uncultivated : 
they are well known under the name of tumuli, which, 
I suppose, they received firom the Romans, as they 
are nothing more than heaips of earth. • Here, then, 
the anterior product of vegetation was removed ; what 
has fbrmed there since, is the product of the subse- 
quent vegetation ; and this epoch is marked by the 
history of the ancient Germans, who, after the inva- 
sion of Germanicus, began to collect together, and 
build. I have dug through the blackish stratum on a 
number of these tumuli, for the purpose of comparing 
its thickness with that of the general stratum of the 
rest of the ground ; and considering the small differ- 
ence found between them, we could not find by any 
means a sufficient time to correspond with the literal 
■Hebrew chronology firom the deluge, which certain 
commentators have seen reason to lengthen. But 
here we are to consider, that before a layer of blackish 
mould could be formed, it was necessary that vegeta- 
tiori should be fully established on those lands ; and 
-the portion of time that elapsed till then, and which 
should be added to the result of immediate observa- 
tion, is not easily ascertainable. The same uncer- 
tainty prevails in the commencement of all the phe- 
nomena that prove the great truth which I here 
propose to establish ; but from the nature of the 
specific causes which produce such uncertainty in 
each particular phenomenon, it will be found, that 
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though there hence results a certain latitude in the 
determination of the time totals it is confined within 
such limits^ that this natui^l basis of chronology 
effectuaUy opposes, not only aU the &bles or systems 
of chronology which are not founded on the book of 
Genesis, but even the conjectures of some chronolo^ 
gists who have arbitrarily lengthened the period of 
time between Noah and Abraham. 

20. The same result is supplied by the prc^ess of 
cultivation. Every where, as we ascend in the his* 
tory of any settled nation, we find agriculture estab- 
lished, and we can follow uninterrupted traces of new 
cultivation ; while at the same time it is to be inferred 
from the relations of travellers, that on^half of our 
continents still remains uncultivated. Certain spots 
of ground, which had something attractive in them, 
either on account of the facility of tillage, or as offer- 
ing an easy communication with other places already 
cultivated, became the cradles of great nations ; and 
in such the traces of the progress of cultivation are 
not distinctly observable : but firom thence have issued 
vast bodies of men, wanderers at first, afterwards cul- 
tivators ; whence have resulted a number of centres 
of cultivation scattered here and there in the first 
deserts, and which from that time have not ceased, 
both to increase in extent, and to send out firesh colo- 
nies. This process is continued round places adjoin^ 
ing to lands still uncultivated, nor does it appear as if 
it would speedily terminate. Here, then, is a new 
succession of operations, which have sprung fi"om the 
birth of our continents ; and in comparing my own 
observations on this head with those of other travel- 
lers, I have had occasion to remark, that the progress 
of cultivation has left such evident traces in spots 
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shnilar to those just described^ that when we atten* 
tively consider this subject, the aspect of the country, 
the names of places, the traces of their aggrandi^^e- 
ment, their relations to each other in language, opi- 
nions, customs, the beginning of public works by the 
increase of wealth, the national progress of the arts, 
connnerce, and luxury : in a word, every thing, in a 
retrospective research, leads us, from every point, to 
some chief places, the history or traditions relating to 
which carry us back to the first eras of the cultivation 
of our lands. This is a most interesting subject, as 
may be seen by following what I have related at large 
from observation in my *' Lettres sur THistoire de la 
Terre, See" where I have at the same time pointed out 
both the moral and physical causes, which accelerate 
or retard the general tendency we may observe both 
in the operation of spontaneous causes, and in the 
industry of man, to augment the products of the 
ground: and the same remarks have occurred to 
Messrs. de Saussure, de Dolomieu, and Ramond de 
Charbonidre. 

21. It is not then in capital cities, nor in the midst 
of countries covered with the marks of ancient culti- 
vation, that the history of the human race inhabiting 
our continents ought to have been investigated ; since 
the traces of succession being there effaced, an unli- 
mited range is left to the imagination ; but in those 
numerous -^{^laces, where human industry is still at 
work, forced by the necessities of an increasing 
population, to augment the means of subsistence by 
extending cultivation. The history of the cultivators 
of our land thus evidenced, then comes in as a support 
to those facts that relate to spontaneous vegetation. 



200 LETTER V. 

to set aside the fabulous pretensions oi some natioof 
to antiquity : since it follows equally from both, that 
our continents themselves, can have no higher date 
than the deluge described by Moses. But these again 
are proofs which require a great assemblage of bc^, 
connected with the history of mankind by questionable 
links, . and which demand much consideration ; I shall 
therefore come to other proofs which will demonstrate 
the truth of that history of vegetation and culture by 
indisputable characters. 

22. Without yet quitting the history of vegetation, 
we shall find a new chronometer in our peat-grounds, 
a phenomenon which I have also described at large 
in my earUest work. Peat, as well as the blackish 
earth I have spoken of above, is a product of vege- 
tation ; but the remains of the vegetables that form 
it, lose much less of their bulk, and they retain their 
combustible property. These vegetables, at first sim- 
ply withered, form a spongy mass, always saturated 
with water, and on which new plants, some of them 
aquatic, grow in great abundance, and with much 
rapidity. It is, perhaps, owing to an antiseptic qua- 
lity in some of these plants, that there happens such 
an accumulation of their remains, constantly pene- 
trated with water, without their undergoing putrefac- 
tion ; a circumstance that essentially distinguishes our 
peat-lands from marshes, inasmuch as the air is 
always salubrious in the former. 

23. The formation of peat could commence only 
with all the other phenomena to which the birth of 
our continents gave rise : it at first began to form in 
spots of ground that were watered by springs ; and 
in these places, very favourable to all sorts of vege- 
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; * tation, there grew at first trees of a resinous nature^ 
\ principally pines and yews^ the leaves and smaller 
branches of which^ though falling on a humid ground, 
resisted putrefaction ; herbaceous plants at the same 
time grew on these soils, and began to form peat 
there. In proportion as this peat became thicker, 
the new trees took root in its mass, and attained such 
size, that at length the winds had the power to tear 
them up, and the peat continuing to increase, buried 
them. Here is a first period marked in all our large 
peat lands ; for when they come to cut peat to a cer- 
tain depth, they find the trunks, branches, and roots 
of these trees ; and firom that time trees no longer 
grew at the surface of most of those soils. 

24. The peat continuing to increase, frequently 
extended itself beyond the places where it originally 
began to be formed ; if it was on hills, it descended 
down their sides ; if in the low grounds, it gradually 
spread beyond its first hmits, and sometimes even 
ascended the slopes of the hills. Every where, 
in a . word, where this spongy substance, in what- 
ever direction it spreads, meets with small springs 
to moisten it, it continues to increase both in thickness 
and extent, and where it is not too much softened by 
the water, trees continue to grow on it. This increase 
of the peat still continues wherever the circumstances 
are favourable to it, and where no means are employed 
to arrest it : we know its progress by tradition ; and 
when we compare it with the mass produced, we dis- 
cover various proofs of the small antiquity of that 
phenomenon, as wiU now appear. 

25. In a number of places, where the population 
has so far increased, that colonies have reached the 
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confines of hige peat lands^ they have laboured to 
stop their prc^ess, and to render their surfaces fit 
for cultivation ; a double end^ which is to be gained 
by first draining the peat^ that is to say, by cutting 
trenches in a direction towards some lower ground 
where the water may run ofi*, and deepening them 
as the peat sinks down. Now, in the course of these 
observations^ monuments have in various places been 
discovered which connect themselves with the history 
of nations^ and of the arts^ or with some local tradi- 
tions^ of which I shall give some instances. 

26. In draining the great peat lands of the country 
of Groningen^ some Roman medals have been found 
at the bottom of a trench, buried in the natural soil, 
since covered with a considerable bed of peat. Here 
then is a fixed period in the increase of these peat 
lands, namely, the invasion of the Romans ; and this 
monument is connected with another, on the same 
coasts, furnished also by a progressive operation, but 
totally of another kind. Roman medals have been 
found near the ancient mouth of a branch of the 
Rhine, which formerly passed through Holland. The 
Romans had built near this mouth — at this day ] 
entirely obstructed by the sands — a custom-house; 
the ruins of which we discover buried in those sands; 
and together with the Roman medals, coins of the 
ancient nations of those coasts have also been dis- 
covered. 

27. In my travels along tbese maritime districts, 
where I particularly observed several great tracts of 
peat land, I arrived at the country of Bremen, at a 
time when the inhabitants were carrying on with great 
vigour the operations of draining, and bringing into 
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cultivation a considerable extent of peat-land^ which 
is Called the Devil's Moor, on account of the accidents 
that frequently happened to the cattle which ventured 
on it, ias well as to men, who were sometimes swal- 
lowed up in it, without the least traces riemaining 
outwardly. The undertaking to drain such a peat- 
land as this, was too great for the neighbouring 
peasants ; it was therefore carried on at the expense 
of the Sovereign, who interests himself, with paternal 
attention, in every thing relating to their prosperity. 
During this operation, they discovered at the bottom 
of a deep trench, an ancient aqueduct, formed in the 
sand with planks, near which they also found an auger 
to bore wood with, which they showed me, and which 
is very similar to ours. Now, the depth at which 
were found those monuments of art, belonging to a 
time the moderate distance of which we shall see, 
bore a very considerable proportion to the total depth 
of the peat on its original base, which is sand, by 
which also all the surrounding hills are covered. 

28. At a period not very far distant, for they already 
spoke the German language in the country of Bre- 
men^ the Devil's Moor was still here and there stud- 
ded with small sand hills, which had all their several 
names, with the termination berg, which signifies an 
eminence. From that time, though the peat, in con- 
tinuing to rise, has covered these eminences, the 
places where they had been noticed by preceding 
generations, have retained the same names, with the 
termination berg. This circumstance has been at- 
tended with most fortunate effects ; for, without the 
tradition connected with it, these solid places in the 
peat-bed would have been unknown ; and wherever 
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they are not too &r from the borders^ they are very 
useful spots for building new villages^ When the 
peat is drained to a considerable depths it sinks down; 
it is then cut for fuel on those solid spots where it 
remains higher than in the neighbouring places ; and 
while those spots afford a firmer foundation for the 
settlements of the colonists^ the latter have still fur^ 
ther the advantage of finding there sand at a small 
depths which is of great use to them for repairing 
their roads^ and for mixing with the peat at the sur- 
face^ which adapts it for every agricultural purpose, 
and even for plantation. The greatest depth of the 
peat-bed, through its whole extent, is' about 35 feet ; 
it was still sprinkled with islands, or small eminenceiS 
of sand, at a time when the German language was 
the language of the country, and when the inhabi- 
tants determined . the direction of the waters in the 
sand by the same means, and with the same instru- 
ments as our own; and in growing to its present 
thickness, the peat has entirely covered these emi- 
nences. This then is a phenomenon not very slow 
in its progress, and its origin is to be dated from the 
birth of our continents. Thus the history of peat- 
lands traced, in their formation, by causes that could 
exist only with our continents, and, in their progress, 
by historical monuments of different kinds, would be 
alone sufficient to confirm the chronology of the 
sacred history since the deluge. 

29. Let us now change the scene ; — for all pro- 
gressive phenomena, of whatever kind they may be, 
if they had necessarily their beginning at the birth of 
our continents, ought to furnish us, as they do in 
fact, with the same chronological scale. I have 






LETTER V. 205 

already pointed out in this Letter the causes that have 
co-operated in. producing the new lands added to our 
coasts ; an^ as at the outset of my inquiries into the 
antiquity of our continents, this phenomenon appeared 
to me one of the most decisive chronometers we could 
find, I considered it with much attention ; and I have 
also treated of it at large in my Lettres sur I'Histoire 
de la Terre, &c. These additions to our continents, 
by their constant level, and the nature of their mate- 
rials, are every where distinguishable from what I 
have called above (§ 2.) continental soil. That dis- 
tinction is observable at the point of exterior junction ; 
and^in digging through the former to sink wells, the 
original soil, on which the new lands are formed, is 
found, into which the springs extend that proceed 
from the continental strata. The origin of these new 
lands dates from the time when the rivers began to 
carry down mud to the sea, and the sea to drive the 
sand from its bottom towards its new shores. The 
entire effect of these causes is visible; the greater 
part of the inhabited coasts furnish chronological mo- 
numents connected with the progress of their effects, 
and they continue still to operate on many shores : so 
that these new lands are true hour-glasses, pointing 
out the time when the sands and mud began to accu- 
mulate. Facts of this sort are very numerous, but here 
I shall confine myself to one only. 

30. The new lands do not become fertile, till in 
consequence of fresh sediments being left at their 
surface by repeated inundations, they cease to be 
often covered by the sea ; they then generally be- 
come good pasture-land. The inhabitants of the 
borders of the continental land, in the country of 
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GroDingen and the adjacent territory of Friesknd^ 
contented themselves for a long time with makmg use 
of the new lands along their coast, only in the summer 
season : they made hay from them, and then left their 
cattle to pasture there ; but they were obliged in 
autumn to house them in stables built on small artifi- 
cial eminences, many of which still remain ; because, 
from this season to the spring, the sea and the rivers 
frequently overflowed these pasture-grounds. Bat at 
each inundation the ground was raised by new sedi- 
ments ; so that at length a great extent of their new 
lands near the continent was but very seldom inun- 
dated. It was, however, some time before these twa 
provinces thought of enclosing this ground with dikes, 
to secure it from the inundations, which from time to 
time recurred, and thus to take entire possession of a 
rich soil, which was proper for all sorts of cultivatioii. 
A Spanish governor, whose name was Gaspard Roblez, 
at length urged them to the undertaking, and the work 
was completed in the year 1570, of our era, which 
considerably augmented the habitable groimd of these 
provinces. A great extent of new lands was, upon 
that occasion, left without the dikes, which yet re- 
mained subject too frequently to inundations ; and of 
these they continued to make use, as they had, for 
many centuries, of the space which was then enclosed. 
But these Exterior grounds continued to receive, at 
each inundation, fresh sediments which raised their 
surface ; the inundation of these grounds graduafly 
became more rare, and at length ceased sometimes for 
many years ; so that in 1670, a second range of dikes 
in the two provinces was raised, in order to enclose a 
fresh belt of ground of the same breadth as the former, 
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still leaving without them^ all such portions of the 
still increasing new lands as were top often liable to be 
overflowed ; thus giving it time to be raised by the 
sediments of fiiture inundations. But from that time 
these lands^ continuing to extend^ separated into many 
slips of ground^ or diiSerent projections^ and there was 
no longer any prospect of other than partial, enclo- 
sures^ which would be more expensive in proportion 
to the land obtained ; and the keeping up of which 
would have become burthensome to the state. This 
determined the two provinces to give up the property 
of the newly recovered ground, present and fiiture, to 
the possessors of the interior ground along the dikes, 
to be disposed of at their pleasure. From that time 
new enclosures have been made there, and these addi- 
tions continue, but with less regularity. 
. 31. This phenomenon being the effect of natural 
causes, common to all the shores of our continents 
where circumstances are the same, and the level of all 
the new-formed lands having also one common limit, 
namely, the height of the greatest tides, there can be 
no difference among them but in their size, which 
depends on the quantity of matters deposited on the 
coast, and inversely in proportion to the original depth 
of the sea in that spot ; but their respective progress, 
marked by particular epochs, have a relation with 
each other in respect to time, of which I am going to 
ghre an instance from another observer, at a rate more 
rapid than the preceding. 

32. M. de Dolomieu, struck as I was with the 
number of phenomena that prove the small antiquity 
of our continents, has combated, among others, the 
mistake of those who have thought they found proofs 
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of the contrary on our coasts. In his Memoir on 
Egypt^ he took occasion to show the absurdity of all 
that has been said of the pretended works of the Nile 
for thousands of ages ; and, in order to bring the 
matter more home to European observers, he takes 
for au example the present course of the Po, in Lom- 
bardy ; first marking, by indubitable characters, the 
limits of the continental soil, that is, the place where 
the Po first arrived at the Adriatic Gulf, and where 
the new lands began to form ; after which he contir 
nues thus: (Joum. de Physique, Jan. 1793.) ^'In 
considering the progress of these new lands, from the 
dates furnished by history, it is impossible to think, 
that it has required a very great number of ages to 
accomplish the filling up of all that part of the golf 
which at first was vacant, and which the sediments of 
the rivers have choaked up • • • • If at the time of Strabo, 
that is to say, at the commencement of our era, an 
arm of the sea extended as far as Padua — if a few 
preceding ages (as Strabo reports) could have added 
ninety stadia to the continent, and by this means 
reduced the town of Spina, celebrated for its port and 
commerce, to the state of a mere village . • • • • ^f we 
recollect that the Salines of Ponte Longo, at present 
many miles within land, were, only five centuries ago, 
the subject of a sanguinary war, it is easy to prove 
that a great many centuries have not been required 
for the formation of the new lands, which have given 
such an extent to the plain of Lombardy." 

33. This, then, is the true account of these additions 
to our continents, vaguely referred to by the advocates 
of the opinion, that our continents have been formed 
by some slow cause ; for we see, upon examining th^m, 
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which surely ought to have been done before a judg- 
ment was pronounced, that they serve to prove, on 
the contrary, that our continents owe their birth to 
one single revolution, not very many centuries dis- 
tant. The natural standard of chronology afforded 
by these new lands, all around our coasts, would be 
too short even for answering the Hebrew chronology, 
without any of the commentaries which lengthened it, 
if we were not to consider, that a portion of time was 
employed in raising the bottom of the sea near the 
coasts to the level of the water. This I have consi- 
dered in my first Geological Letters, and pointed out 
the latitude it may admit in the determination of that 
chronometer. I shall now proceed to show, that the 
same result is found in regard to time, by following 
another class of phenomena, which, quite as vaguely 
described as the preceding, had given rise to a system 
contrary to that which I have mentioned above ; the 
system that our continents are slowly destroyed by 
the attacks of the sea. 

34. Along the same coasts, where new lands are 
formed, we also meet with steep cliffs, against which 
the sea has exercised, and in many places still exer- 
cises, a destructive action. I shall here say nothing of 
the rocky coasts, because in them we discover no 
effect of the sea : these rocks are mostly covered with 
searweeds and shells, a proof that the sea has no 
sensible effect upon them. I shall then speak only of 
those steep coasts which are subject to crumble down 
from the visible effect of external causes. These places 
were at first, either narrow capes, which opposed 
themselves to the currents and waves of the sea, or 
steep cliffs, which became such at the period of the 
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revolution; owing to the same ^cause that has pro- 
duced so many sections in the interior parts of our 
continents^ namely, the subsidence of the rest of the 
strata. I shall now proceed to explain what have beea 
the consequences of that original state of spme parts 
of the coasts,, and how the. action of the sea every 
where terminates. 

35. All the points of land which opposed the course 
of the waves and currents of the sea> wegre attacked 
by them, and all the original cliffs began to crumble 
down : but the sea carried the minute materials along 
the shores, and deposited th^m in all the creeks and 
small bays, the beds of which were accordingly raised, 
and gradually filled up, ^t the same time that the 
larger materials collected at the feet of the cliffs (whe- 
ther new or original) began to form a strand. As soon 
as this strand appears at low tide along any cliff, the 
mud brought by the high tides and by the waves, and 
the materials continuing to fall from the cliffs, gradu- 
ally raise it, so that at last the sea can no longer reach 
the feet of these cliffs : these, however, continue for 
some time to crumble down from the action of exter- 
nal causes ; but as all their rubbish then remains at 
their feet, they are gradually reduced to an uniform 
slope, and vegetation fixes them in that form. 

36. Such is indisputably the end of all these pre- 
tended demolitions of our continents. They are 
nothing more than the action of the sea, aided by 
external causes, operating to smooth down its shores, 
and lessen the inflexions of its coasts, by demolishing 
every thing that at first opposed the free course of its 
Waves and currents ; and never do any of the mate- 
rials, whether carried down by streams, or detached 
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from the coasts^ take^ nor indeed can they take^ their 
direction towards the bottom of the sea ; for all its 
different actions, its cmrents, waves, and tides, have 
a direct tendency to propel those materials towards 
the coasts, and to fill up its sinuosities ; this is gene* 
rally acknowledged by all those who have studiously 
observed the operations that take, place on the borders 
of the sea. The continuance of these operations 
depends on local circumstances ; but as soon as by 
the united actions of external causes, and of the sea, 
a strand comes to be formed which has only an easy 
slope and insensible windings, the sea produces there 
no further effect. I have followed this operation on 
several coasts ; I have seen it terminated in various 
places, and in others more or less distant from its ter*- 
mination, owing to some local circumstances which it 
was easy to find out, and I could always judge from 
these, in what manner this termination would take 
place. I have entered into the details of these obser- 
vations, in my Lettres sur THistoire de la Terre, &c. 
We find also in this class of progressive effects many 
chronological monuments, and they agree with those 
we have just noticed in the new lands ; a circumstance 
that ishows with what levity theorists formerly struck 
out geological systems, to contradict the sacred chro- 
nology : systems equally destitude of foundation, and 
contradictory to each other : while the very facts upon 
which they appeared to dwell, confirm that chrono- 
logy in the most evident manner ; for these simulta- 
neous operations of losses from the coasts in some 
places, and acquisitions in others, sometimes distant, 
but often adjoining, prove at once, both that the sea 
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is in a new bed^ and that it has not occupied it many 
centuries. . ' : . 

37. Every thing that has passed, and still passes in 
the internal parts of our continents, corresponds with 
what we find to happen on their coasts, and results 
from their original state : for demolitions also take 
place, and new lands are formed, which, in the same 
manner, come to an end by fixed causes. . But before 
we proceed to these operations, I shall mention a 
phenomenon, which, by concurring with them' to 
establish the general proposition of the small antiquity 
of our continents, will directly serve to prove that the 
sea, at their birth, passed suddenly into a basin lower 
than its preceding bed. When determining the state 
of the earth, immediately before this epoch, at which 
time consequently the sea was still at a high level, I 
have observed, that the higher parts of our mountains 
were islands in it ; which connects itself with the 
whole of the geological system hitherto established. 
Now, I am about to prove that particular consequence 
by means of a phenomenon, which will at the same 
time indicate that this change took place not many 
ages ago. 

38. The level of the sea, at whatever elevation it 
may be, is the sensible base of the atmosphere, and, 
all things else being equal, it is also the warmest part 
of it ; for the heat diminishes from below upwards. At 
the time when the summits of our mountains formed 
islands in the sea, at that period more elevated, these 
islands were in the lower region of the atmosphere, 
.where they enjoyed a temperature favourable to all 
:sorts of vegetation. But when the sea sank to its 



LETTER V. 213 

present level, the atmosphere sinking with, it, these 
same lands became situated in a colder region of the 
air ; so that on some of the highest of them, at every 
latitude, on those for instance, which have become 
the siraimits of the Alps, the Pyrenees, and the Andes, 
there began to accumulate annual remains of snow, 
which through alternate changes of thaw and frost, 
were converted into a porous ice. 

. 39. If these masses of ice had arrived at their 
maximum, they would afford us no indication respect- 
ing the time of their commencement, nor consequently 
respecting its cause: but if they are still sensibly 
increasing, they must have originated in somereyolu- 
tion of the globe which changes the temperature of 
the air at this level ; and this alteration must . have 
been the less ancient, in proportion to, the greater 
rapidity of the progress which the ice is observed to 
have made. Now the extent of these ice-fields so 
sensibly increases, that the life of a man, a chamois- 
hunter, for instance, is sufficient for him to observe 
the progress of it, insomuch that generations transmit 
from one to another the dates when certain spots 
began to be covered with permanent ice, and when 
certain passages, existing before, have been obstructed 
by its progress. This circumstance will not permit 
us to carry its origin back to a very remote epoch. 

40. M. de Saussure, to whom the Alps are so 
familiar, and from whom we have received so much 
important information concerning them, has proved, 
that the whole mass of their ice has a tendency to 
descend along the dechvities, and that this is the cause 
of the crevices that cross it, as well as of the changes 
of width and place observable in those divisions of 
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the mass. These crevices are at first formed in the 
higher parts of the declivity, from the tendency of the 
ice to descend; they open when the inferior mass 
alone slides down the declivity, and close as the 
higher mass descends to follow the former. If it were 
not for this migration of the ice, its increase in extent 
would be much more rapid : but owing to this, it 
diminishes considerably; either by arriving at certain 
precipices, where it breaks and falls into some valley 
below, or by reaching these valleys through some 
opening in the rocks, where it melts more rapidly. It 
is those accumulations of ice, descending slowly like 
lavas, that are called glaciers. There often £aU, on 
the upper parts of the ice, blocks of granite, detached 
from the surrounding rocks, and these blocks/ being 
carried down by the ice, at length arrive with it in the 
valley below, where they are left as it melts. Now, 
the following are the remarks of M. de Saussure on 
this subject, in reference to the Glacier des Bois, in 
the valley of Chamouni, but which may be considered 
as of general application : " The blocks of stone with 
which the bottom of this glacier is loaded, lead," he 
says, *^ to an important reflection. When we consider 
their number, and come to think that they are depo- 
sited at this extremity of the glacier in proportion as 
the ice melts, we are astonished that there is not a 
more considerable heap : and this observation, which 
agrees with many others that I shall report in succes- 
sion, induces us to believe, with Mr. De Luc, that the 
present state of our globe is not so ancient as some 
philosophers have supposed it to be."— Voyagtes dans 
les Alpes, section 625. 

4U Before we quit this subject of the ice, I will 
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mention another phenomenon^ which, while it furnishes 
us with the same chronological base, will connect 
itself with the j disappearance of the elephant and 
the rhinoceros from our regions, as proceeding from 
the same cause. This cause is a change in the atmo- 
sphere, the sea and the soils, in consequence of the 
revolution which gave birth to our continents, and 
after which, the heat produced at the earth's surface 
by the solar rays, was le^^s retained there, and thus 
not having time sufficient to distribute itself so equably, 
the temperatures of the Reasons and of the different 
parts of the day became more dependent on the posi- 
tions of the sun. Then, accordingly, the countries 
without the tropics, and above all, the polar regions, 
had, together with very warm summers, winters more 
or less cold ; a circumstance sufficient to produce by 
degrees the extinction, in those regions, not only of 
some races of animals, but of vegetables, in regard to 
which cold is more destructive, than a considerable 
heat is necessary. It then likewise happened, owing 
to the same cause, that during the long deprivation of 
solar heat (Sustained by the polar regions, the heat so 
sensibly diminished as to admit of the formation of ice 
at the surface of the sea, by the union of the particles 
of water with each other, and their separation from 
the salt. Considerable accumulations of ice took 
place at each succeeding winter, the Summer heat not 
being sufficiently great to dissolve it entirely ; and the 
more there remained after each summer, the larger 
was the quantity formed in subsequent winters, at- 
tended by an increase of the former ice ; because a 
portion of the summer heat, instead of communicating 
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warmth to the water, served only to dissolve the ice ; 
a circumstance which, as is well known, divests the 
fire engaged in that process of the power of contri- 
buting to the heat. If such is the change produced 
by the revolution which gave birth to. our continents, 
and if that epoch is not very remote, the ice must sen- 
sibly increase in the seas of the polar regions ; now 
this fact is ascertained by navigators in the North 
Sea. The following is Sir Charles Blagden's remark 
on this subject. (Phil. Trans. Vol. LXXIV. p. 231): 
*' Since . our navigation northward, the eastern coast 
of Greenland, and the surrounding sea, are gradually 
become more and more inaccessible, owing to the 
augmentation of the ice." It thus appears, as I have 
already had occasion to remark, that all the pheno- 
mena, of whatever kind, which agree in the common 
circumstance of having had their commencement at 
the birth of our continents, and of being susceptible 
of a sensible progress, prove also in common, that the 
period of that event is not very remote : and we at the 
same time find in this last phenomenon, the con- 
firmation of the cause which I have assigned for the 
disappearance of the elephant and the rhinoceros fi-om 
our climates. But I proceed to the consideration of 
other chronometers. 

42. I have stated above, that there are relations oi 
origins and causes in the progressive changes ob- 
served on our coasts and in the interior parts of the 
land ; their common origin is the state in which our 
continents were at their birth, and their common 
causes are gravity and the action of running waters. 
We may easily represent to ourselves the state in 
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which the surface of our continents was at the period 
at which they were abandoned by the waters of the 
ocean ; for, notwithstanding the operations that tend 
continually to soften down their abrupt faces, we find 
traces of them every where* Without even going out 
of towns, or houses, the landscapes with which so 
many apartments are decorated, suffice to give a very 
just idea of the phenomenon I speak of ; for, should 
the painter not have worked immediately from nature, 
his imagination at least will have taken her for a 
model ; and a great part of the picturesque effect of 
this kind of paintings, consists in high mountains 
rising in pinnacles, one above the other, and in steep 
rocks, which exhibit the chaotic state of their strata 
over more smiling tracts, covered with verdure and 
woods. In a word, the most common landscapes are 
true geological monuments, inasmuch as they mani- 
fest the impression which the artist receives from this 
state of things, and the assent of all men to the gene- 
ral truth of his picturesque representations. 

43. The rocks, and all other grounds which, at the 
birth of our continents, were left with abrupt sections, 
were exposed in that state to the action of the rains 
and frosts; and those on which such causes could 
have a sensible influence, began to crumble down. I 
omit those rocks which are little affected by these 
causes, owing to their hardness and the continuity of 
their masses : such rocks commonly become covered 
with lichens and mosses, and suffer little from exter- 
nal causes. But the greater part of the abrupt faces 
of mountains were in great disorder, traversed by 
crevices in every direction, and chipped in their 
smallest masses ; insomuch that atmospheric causes. 
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aided by gravity^ exercised from the first a great in- 
fluence upon them. 

44. It is towards the top that the steep parts of 
grounds liable to demolition^ lose most of their mate- 
rials^ because the rain-*water makes its way &om the 
upper surface into the fissures ; so that these parts 
gradually retire^ and thus what was at first vertical 
acquires a slope. Now^ wherever the inclination of 
these slopes is no longer such^ as that the fragments, 
detached by the action of the rains and of the atmo- 
sphere^ can easily slide down to the bottom^ dieir sur- 
face begins to afford nourishment to plants ; and when 
they come to be quite covered, they are no more 
liable to degradation, unless the rocks below them, 
being the steepest, continue in a state of demolition, 
or unless they are attacked by torrents at their lower 
part ; which, propelling in theu: course the materials 
which have fallen from the abrupt faces, prevent them 
from accumulating. In general, before the steep side 
of any eminence can be entirely covered with plants, 
it is requisite that, from the summits to the bottom, it 
be, by its degradation, which is always greater in the 
upper parts, and by the accumulation of the materials 
at the foot of all the parts originally abrupt, reduced 
to a regular slope, and that no torrent should any 
longer exercise its action at their base. As long as 
the fall of these detached pieces is frequent, vegeta- 
tion cannot seize upon the slope formed by them; 
but as soon as this fall becomes less frequent, plants 
begin to grow on these new grounds, and at length 
cover them. Whenever, then, that part of a steep 
surface which rises above the slope formed of its frag- 
ments, is at length itself reduced to a shelving form, 
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vegetation is spread over the whole, and the process 
which every where puts a final stop to degradation, 
terminates at this point. 

45. Here, then, is what assimilates the operations 
that take place in the interior of our continents, to 
those I have described in speaking of their coasts. 
All the asperities whatever of our lands, be their situa- 
tions what they may, are thus liable only to be softened 
down by those causes, to which, for want of attention, 
the power of destroying the continents themselves, 
has been attributed : for these operations do not con- 
tinue beyond the period when vegetation has covered 
both these softened eminences, and their debris around 
them. Vegetation takes place in no soil but what is 
in a state of rest ; and when it is established in any 
place, it is both a sign of the soil being at rest, and 
one of the means of keeping it so : unless, perhaps, 
the force of some torrent should sap the slope of the 
fallen fragments : and this latter operation terminates, 
whenever the slopes are reduced to the point at which 
they are no longer subject to be attacked. This I 
have explained at large in my '^ Lettres sur I'Histoire 
de la Terre," &c. and M. Ramond de Charboniere has 
described it in a masterly manner, in his work entitled, 
*' Observations faites aux Pyrennees ;" having sup- 
plied the colouring to the draughts, merely delineated, 
but more extensive, which I had given. In these I 
had expressed the different states to which the actions 
of external causes have hitherto reduced the several 
parts of our continents subject to demolition, tracing 
them from their original state, which every where is 
easily ascertainable. In every part likewise, where 
these operations are not terminated, we may judge 
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how they will end ; for without, quitting the same 
mountains or hills, we find other places where a state 
of repose has succeeded, or is more or less likely soon 
to succeed, to the havock produced by the too rapid 
declivities of the grounds, or by the attacks of torrents. 
Now, this is a numerous class of various sorts of pro- 
cesses, to be met with every where, in which, by 
examining attentively what has been done, what is 
doing, and what remains to be done, before all traces 
of the first state of our continents shall be obliterated, 
we see clearly the slight antiquity of the era when 
our continents were abandoned by the sea. 

46. The mechanical operations proceeding in the 
interior of our continents, likewise resemble those I 
have assigned to our coasts, in other circmnstances as 
interesting in themselves, and no less characteristic 
of a general process which must have commenced not 
many ages since. The torrents formed by. the rains 
in elevated spots, exercised against the steep grounds, 
and the accumulations of their debris, the same power 
that the waves of the sea exert against the steep parts 
of the coasts, and the accumulated materials which 
tend to form a strand at their feet. These torrents 
again, and the rivers, have attacked certain grounds 
which at first opposed their course, as the sea has 
attacked the promontories which obstructed the free 
course of its currents and waves ; whence have re- 
sulted, within land, as well as on the coasts, steep 
clifis, which did not exist before. Lastly, the rivers, 
by carrying down materials in consequence of these 
demolitions, form here and there in their course, new 
lands similar to those which, together with the waves 
of the sea, they produce along the coasts. This whole 
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process is as interesting in the history of mountains, 
of their inhabitants, and those of the banks of rivers, 
as that of the operations of the sea is in the history of 
our coasts, and of their inhabitants also : but as I have 
described it with the same care, and much at large in 
the work cited above, I shall likewise confine myself 
only to its principal features. 

47., I have already proved, in my first Letter, that 
whatever havock the running waters appear to have 
made upon our . mountains, all their pretended de- 
structive power, from the birth of our continents, has 
done nothing more than retard the settling of the slopes 
of debris at the feet of the steep rocks ; and that the 
greater, part of the materials that they have thus set 
in motion, at times of great rains and melting of the 
snow, has served only to raise and level the bottom of 
the valleys which existed before the retreat of the sea. 
For we find scarcely any thing but sand at the en- 
.trance of those lakes into which the rivers discharge 
themselves as they flow from the mountains, and in 
•:wKich are deposited all the materials which these 
^collected waters, after traversing the interior parts, 
have carried down so far; the whole amount of which 
is nothing .in comparison with what the imagination 
of some geologists conceived. I have shown also, 
that the known progress of these sediments is among 
the proofs of the slight antiquity of our globe. I now, 
.therefore, shall quit, though with regret, the abun- 
dance of interesting objects for a geologist, which all 
parts of a mountainous country afford, in order that I 
may proceed to the general effects of running waters 
on our continents. 

48. Wherever the rivers have met with obstacles in 
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their course^ they have had a tendency to demolish 
them. I pass over^ (as I have done with respect to 
the mountains^ and the sea coasts,) the solid rocks on 
which no external cause has any sensible effect, in 
order to come immediately to those places where we 
may visibly trace the whole of the past effects, their 
progress in known time, and their present advance ; 
which supposes, that with regard to the rivers, they 
have been able to make a sensible impression upon 
the obstacles they have encountered. Now, here are 
two general operations, which began at the time that 
such obstacles occurred to bend their course. The 
groimds thus struck by the waters were excavated by 
their violent action ; and cliffs were formed, which 
continued for a greater or less time, and in many 
places, still continue to crumble down into the current. 
The materials, thus detached and fallen into the 
stream, were carried down as far as its rapidity would 
allow, and then deposited wheresoever its force abated, 
which produced two sorts of new lands ; the one 
formed in some lower part of the river's course, that 
was larger or deeper ; which operation tended to give 
a regularity to its bed : the others opposite to the 
crumbling cliffs, when the river, in its effort to demo- 
lish them, sensibly gained space on their side, and 
receded from the other shore. These are joint opera- 
tions still observable in many places, and which are 
found in many others, already terminated. I shall 
not particularly stop to consider the case, where the 
rivers have found natural channels without any great 
windings, and where thus they have had only to 
acquire a regular declivity : I shall confine myself in 
this respect to the remark, that in forming their bed in 
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these soils^ rivers have in some places sunk deep into 
them, thus maintaining a more equal slope, and 
thereby forming steep banks at their two sides, where 
the effects of which I am about to speak have taken 
place as well as in the more complicated case of con- 
siderable windings of the streams. 

49. The rivers have produced cliffs on one of their 
sides, only in the parts where the bent they received 
was at first too acute : they then tended to acquire an 
easier curve, by attacking their impediments. While 
thus they occasioned considerable demohtions, they 
rose by the resistance of the impediments, and the 
violence of their current in falling from hence into 
some lower part, made them carry down or deposit 
on the other shore, all the debris of the part attacked. 
But when, by these operations, their windings became 
less abrupt, and their declivity more uniform, the 
larger materials began to remain at the feet of the 
cHffi; and a dike gradually rose, which served to 
diminish the force of the current. By the accumula- 
tion of these materials, a strand comes at length to 
be formed at the foot of these steep banks, on which 
the river no longer rises, except at the period of inun- 
dations : the new falls of materials then extend, and 
raise this strand ; and the cliff itself, which retreats 
further and further by its demolition, at length gets 
beyond the reach of the current : it then becomes 
reduced to ail easy slope by the action of external 
causes, and vegetation fixes it. During these opera- 
tions, the materials that the place attacked loses, are 
leposited either on the opposite side, or in some 
ower part in the course of the river, where the waters 
laving more space to flow in, lose their rapidity. 
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There all the materials at first arrived ; then succes^ 
sively the larger remained behind : insomuch that 
after the first operations of rivers, the new lands have 
been raised only by materials which have gradually 
decreased down to mere sand ; and it at length hap- 
pens that these grounds receive an addition of sand at 
their surface in times of floods only. The period 
thus comes when the river is confined in a regular 
channel, of which the new lands form a part of the 
boundaries; wherever it still continues to surmount 
them in high floods, it raises them by new deposits ; 
at length it only rises and falls within settled banks, 
and the remaining part of the hew lands becomes 
covered with verdure, or passes into cultivation. 

50. Such have been, and still are, in many places, 
the real operations of running waters, which some 
geologists, on the supposition that they have been 
attacking our continents during an indefinite number 
of ages, considered as having produced all the sinuo- 
sities at their surface. As soon as the rains began to 
fall on our continents, their waters collected in the 
channels that the declivity and the sinuosities of their 
surface offered them ; and when they once hadjtaken 
those natural and inevitable roads, they could not 
change them ; so that the rivers could not shift their 
course, except in some plains already horizontal, or 
at the bottom of large valleys, the bed of which they 
levelled by spreading over it the debris from the 
higher grounds. The first determined channels of 
the running waters, then, were the bottom of the 
chasms, and other sinuosities, of the mass of the strata, 
of which the anterior catastrophes are marked by 
very decisive characters ; in such a manner, that we 
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may always determine, with respect to places where 
the rivers have produced real alterations, how they 
must have existed at the birth of our continents, and 
all the operations effected upon them since that time 
by running waters. 

51. Among the places where it is easiest to study 
the history of rivers, are, as I have said, those at which 
their windings have been occasioned by grounds that 
have obliged them to alter their course, and were 
liable to demolition. There we discover the point 
where the attack has begun, and the excavation that 
has been made : we find besides, either lower down, or 
opposite to the excavated ground, the greatest part of 
its materials : for they have first levelled the bed of 
the river, and then formed new lands, always distinct 
from the original soil, both by their regular inclination 
towards the stream, and by the nature of their com- 
position ; they have no coherence, and the materials 
which compose them diminish in size, from the bottom 
to the surface. These opposite operations, are in 
many places terminated: then the lands formerly 
attacked, as well as the new lands formed of their 
ruins, undergo no more sensible alterations ; but in 
other places these two operations, always coincident, 
of demolition in one part, and of deposition in another, 
continue in various degrees, and are more or less 
distant from their termination. Now, as near the 
mouths of rivers, where they empty themselves into 
the sea, and where they deposit all the mud 
they have brought down with them from their 
source, monuments and traditions are found, which 
mark several eras in the progress of the new lands 
they have thus produced; so we frequently find 

Q 
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in the upper parts of the courses of rivers, monuments 
which agree with these in the same chronometrieal 
scale : I shall cite but one example, but that a very 
remarkable one, since the monuments are of the same 
nature, both at the mouth of a great river, and in a 
particular part of its upper course. 

52. I speak here of the Rhine, with respect to 
which I have said above, that the Romans had built 
a custom-house near the mouth of one of its branches, 
the ruins of which, (as well as a monument relating 
to Agrippina) have been found in the marine deposit, 
which has from that time choked up this branch, 
and so completely, that sand-hills have been formed 
there, as on the rest of the coast of Holland. I now 
am about to point out another Roman monument of 
the same age ; in a portion of new land belonging to a 
part of the course of that river, very far from the sea, 
attended with circumstances that will serve to confirm 
the whole process I have hitherto traced in the moun- 
tains, valleys, and plains. 

53. The Rhine, before it joins the Moselle, flows a 
long way through a valley, whose sides were originally 
very steep and broken ; but at present they are soft- 
ened down in irregular strips, which, in a great part, 
are covered with vegetation. During the operations 
which have at length brought these broken cliffs to a 
state of almost entire repose, their debris have formed, 
along the present course of the river, a strand more 
or less wide, which encloses it, and on which the 
rubbish that still falls from some of the steep parts, 
accumulates. The place where the two rivers unite, 
is an open space where stands the town of Coblentz; 
and thither, while the sides of the upper valleys 
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crumble down rapidly, these rivers, then much agi- 
tated by the obstructions in their beds, have brought 
down very large fragments of stones : but by degrees 
they have become more tranquil; the materials 
they carried down have been successively smaller; 
at last they have conveyed nothing but sand, and 
at this day, flowing between the banks they have 
themselves formed, these rivers overflow them but 
very rarely. It is from one of these portions of new 
land, that I shall now deduce the history of the 
Rhine. 

54. I passed through Coblentz, in 1778, at the 
time they were laying the foundations of the new 
electoral palace : the late M. la Roche, chancellor to 
the elector, presided over these works, and he invited 
me to accompany him there, that he might show me 
some very interesting objects. A very large and deep 
excavation had been made in the new land formed at 
the mouth of the Rhine ; and M. la Roche showed me 
on one of the sides of this hollow, the section of a 
kind of well, many of which had been found in the 
space thus excavated, and in which had been found 
urns containing ashes and bones, various kinds of 
sepulchral attributes, after the manner of the Romans, 
and some legionary stones: a circumstance which 
agrees with the remains of Roman camps, found in 
tnany parts of the valley. Here, then, is a fixed epoch 
in the history of this new land, the composition of 
which I shall now proceed to describe. 

55. The bottom of this excavation, was composed 
of large stones worn by attrition ; to these succeeded 
(as observed in the lateral sections) gravel, diminish- 
ing in size from the bottom upwards : it was in this 

q2 
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gravel, to which sand had begun to succeed, that the 
Romans had dug the wells I have been mentioning : 
since that time the top of these wells has been covered 
by eight feet of pure sand ; and at this day, the Rhine, 
having settled its bed, but seldom rises to this height. 
The time when the Romans carried on war with tl^e 
Germans, and pushed their conquests as far as the 
Batavians, is known ; and thus we have two of their 
monuments of the same period ; the one buried by the 
sediments of the Rhine, in a part of its inland course, 
the other in the new land, at one of its mouths. . Now, 
the place which these Roman monuments occupy in 
this mass of transported matter (an accumulation 
which could have begun only at the birth of our con- 
tinents) transforms these historical documents into 
geological monuments ; it is an example of the chro- 
nometrical scales to be found in the course of all 
rivers, agreeing with each other, and with every other 
kind, and prevent our referring the origin of our conti- 
nents to an epoch more remote than that of the deluge 
in sacred chronology. 

56. The whole that I have brought together in this 
Letter, to prove, in different ways, this great geological 
fact, is only a sketch of what I have already published 
on this subject in my '^Lettres sur I'Histoire de la 
Terre," &c. ; and the attention of naturalists being at 
present fixed on this physical chronology, it will, in 
the end, obliterate all the fabulous traditions of an 
unfathomable antiquity, and all the systemsi founded 
on them. I have already cited M. de Saussure and 
M. de Dolomieu, for some recent facts, and I cannot 
better conclude on this subject, than by the following 
passage from the latter of those great observers. 
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(Joum. de Physique, Jan. 1792.) ''I will defend/' 
he says, '^ a truth which appears to me incontestable, 
and of which I find proofs in every page of history, 
as well as in those in which are recorded natural 
phenomena ; that the present state of our continents 
is not ancient, that it is no long time since they have 
been given up to the dominion of man.'' 

After having proved that we cannot refer the birth 
of our continents, to a period more distant than that 
at which the Mosaic history fixes the deluge, I have 
now to show, that the revolution, by which, according 
to every fact in geology, our continents had their 
origin, must have been this very event, such as it is 
described in the Mosaic narrative. This I shall do 
in my next Letter. 

I have the honour to be, &c. 



LETTER VI. 

A Physical Commentary on the eleven Jirst Chapters Oj 

Genesis. 



Windsor, September, 1794. 
SiK, 

1. In my last Letter I collected together the prin-' 
cipal features of a numerous class of phenomenal 
tending to demonstrate that the birth of our continents 
must have been preceded by a sudden revolution, during 
which the ancient continents sinking down, formed a 
new bed for the sea; and, that the epoch of this revolu- 
tion is not more remote than that of the deluge, accord- 
ing to the Mosaic computation. What then becomes 
of that unmense antiquity, to which certain Asiatic 
nations lay claim, and of which some geologists have 
availed themselves, to ground systems as fabulous as 
these chronologies ? 

2. While geology has made advances in illustrating 
the history of our globe, it has been strongly supported 
by the enquiries of learned men into the mythological 
fables, which had contributed to its obscurity. In the 
year 1776, Mr. Bryant published a valuable work, (the 
Analysis of Ancient Mythology), in which, tracing by 
a most laborious and learned analysis, the mythologies 
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of Greece and Rome^ up to their Egyptian and Asiatic 
Sources, he proves that they all allude to the history 
of the deluge, as related by Moses ; marking by the 
distinct characteristic circumstances of this event, the 
epoch of a renovation of the human race, by a personage 
conspicuously described, who was miraculously preserved 
with his family, in a vesseP. These results, as far as 
thoy relate to the nations of Asia, have been since con- 
firmed in the three volumes hitherto published of the 
Asiatic Researches, the fruits of the learned enquiries 
of a most important literary society established at 
Calcutta, under the presidency and direction of the 
late Sir William Jones. Lastly, in Mr. Maurice's 

^ For striking coincidences of Chaldaean, Grecian, Phrygian, and 
Hindu traditions, with the Mosaic account of the deluge, see the 
first volume of Burder's Oriental Customs. See also Philip Howard's 
Scriptural History of the £arth and of Mankind, Letter I. with the 
Notes and Illustrations. 

The following observations on a work entitled '* Diluvium cum 
tribus aiiis Mahabharati praestantissimis Episodiis," are extracted 
from the Foreign Review, No. VII. p. 216. "A particular interest 
is attached to the episode on the Mythos of the deluge, the agree- 
ment of which, with the reports given in the first book of Moses, is, 
in some instances, really striking. The substance of the Hindu ac- 
count is this : — The Lord of the universe once appeared to the pious 
King Manu, acquainted him with the general imminent inundation, 
and ordered him to build a vessel, to enter it at the time of danger, 
and to take with him the seeds of all the various plants. Manu 
obeyed. The vessel, led and protected by the Deity, floated many 
years on the summit of the Himavan mountain, where it was tied at 
the commands of the Deity ; and that point is, until this day, called 
Naubandhanam, or the tying of the ship* • • • • • The grand and truly 
majestic simplicity with which the episode on the deluge is written, 
imparts to it such an air of high antiquity, that we do not hesitate to 
place it amongst the oldest relics of Sanscrit composition." — Ed. 
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publication on The History of Hindostan, we have a 
recapitulation of all that has, through a length of time, 
been discovered on this important subject, connected 
with the modem discoveries, and accompanied with 
many very interesting remarks. 

3. Hitherto, however, we have only ascertained 
with more precision, a resemblance, which unbelievers 
had already noticed between the Pagan mytholo^es 
and the book of Genesis, whence they had concluded, 
that the latter was also a m3rthology compiled by the 
Hebrews from notions which they had adopted, dur- 
ing their captivity in Egypt, and from the opinions of 
the several nations by which they were surrounded. 
However this resemblance might formerly have tended 
to such a conclusion, notwithstanding the absurdities 
of the Pagan mythologies, compared with the simpli- 
city of the Mosaic narrative, notwithstanding, espe- 
cially, the monstrosity of their polytheism, so con- 
trary to the sublime doctrine of one only God, the 
Creator and Preserver of the universe, professed by 
the Hebrews at their departure from Egypt ; still the 
history of the earth must necessarily, at this day, 
destroy for ever the illusion. Those Pagan mytholo- 
gies were all connected, although in different ways, 
with the notion of an unfathomable antiquity of their 
respective nations ; each of them reckoning dynasties, 
in which ages were , accumulated by thousands. 
Moses, however, addressing himself to his own people, 
who had recently quitted a country where those 
notions prevailed, and tracing down the history of the 
new race of mankind, from the same physical epoch, 
common to all the mythologies of the Pagans, con- 
nects that history with that of a small number of 
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generations successively characterised by distinguished 
personages^ sprung from one another. How widely 
diffident is the supposed imitation from the models 
assigned to it ? How shall we impute to the leader 
of the Hebrews, who in other respects manifests such 
wisdom, the folly of contradicting so grossly the 
opinions which they must have learned from the 
Egyptians, if it was from that source that he had him- 
self drawn his fabulous accounts ? The contrast is 
too great to admit of a doubt that Moses, narrating 
vrith such simplicity to the Israelites all that was of 
importance for them to retaui respecting their origin, 
traced out a- chronology with which they were them- 
selves acquainted : — ^but we have at the present day a 
yet more decisive consequence to deduce from that 
contrast. It is most certain that of the compared 
histories, the one which describing the events of the 
new race of mankind, from the same physical epoch 
of the globe, places that epoch at its true distance, is 
that which contains the truth on all the other points. 
That distance of time must necessarily coincide with 
the antiquity of the new continents on which that 
new race established itself ; accordingly, the question 
is resolved into that of the antiquity of those conti- 
nents. Now, I have shown in my preceding Letter, 
by the concurrence of numerous phenomena of the 
same kind, that it is not possible to assign to them a 
greater antiquity than the Mosaic chronology assigns 
to them. Here, then, we have the greatest character 
of veracity impressed upon the book of Genesis ; and 
it is the more important, that it alone overthrows both 
the fabulous chronologies intermingled with such great 
truths in the heathen mythologies, and the geological 
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system&[ by which infidels have attempted to support 
those chronologies against the Mosaic Revelation. 

4. The deluge^ which, in all the ancient traditions, 
is the physical epoch marking the commencement of 
a new race of men, is described by Moses with cir- 
cumstances so precise, that if they are true, they 
must be impressed upon the whole of our globe as 
forcibly as its chronology : and now, in proving that 
they are so, I shall not confine the character of Moses 
to that of a faithful historian, but shall make it mani- 
fest, that he must necessarily have been directed in 
his narrative by God himself. 

5. No account of events so important as those of 
which Genesis treats, could be more simple than this 
of Moses : the history of mankind is the chief object 
which he is desirous to impress on the memory of the 
people entrusted to his direction. He first, therefore, 
expounds to them, in a succinct manner, the principal 
operations by which, at the word of God, the earth 
was prepared for the reception of man : then, con- 
tinuing their history, and arriving at the era when the 
human race was renewed after a deluge, in which 
God granted his protection to Noah and his family, 
he relates some circumstances of that event : after 
which he confines himself to the history of that family 
which repeopled the globe. In this narration, Moses 
does not stop to explain or prove the events he treats 
of, but simply relates them ; the Israelites knew, /row 
tradition^ the truth of many of these circumstances ; 
and they admitted, without hesitation, those with which 
they were unacquainted, because Moses exercised a 
supernatural power, which manifested him to be the 
minister of God. We have not now the benefit of 

9 
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such direct proofed but the phenomena of our globe 
remain, and they bear the same testimony to the 
narrative of Moses. 

6. I shall begin with the Almighty's revelation of 
himself to Noah on the approach of the deluge (Genesis, 
chap. vi. 13.) " And God said unto Noah, the end 
o£ all flesh is come before me ; for the earth is filled 
with violence through them: and behold, I will destroy 
them mth the earth.'' The more literal translation of 
the latter part of the verse is, '* I will destroy them, 
and the earth with them.** We see that the term 
earth does not here signify the terrestrial globe, but 
the kmd inhalnted by man. . It was, therefore, the de- 
struction of those continental parts that was foretold 
to Noah. Now geology, as I have explained in my 
former Letter, proves, that at a period corresponding 
with that assigned to the deluge, ancient continents 
sunk ; and as the sea rushed over them to occupy 
their place, all the organized beings necessarily perished. 
Thus geology, a science but very lately suflSciently 
advanced to explain to us the real history of the 
globe, comes in, as an evidence that, at this very 
period, the htman race was destroyed. 

7. Let us, however, suppose for a moment, that 
the history of the deluge, thus shown to be real, is 
only the record of a tradition, true as to the events, 
but in which has been inserted, by fraud or supersti- 
tion, a pretended revelation from God to the family 
which was preserved. Then we must necessarily 
admit, that the deluge surprised this family as it did 
the rest of mankind ; that by. some fortunate circum- 
stance they found themselves inclosed in a vessel with 
abundance of provisions ; and that this vessel, instead 
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of being swallowed up in the chasms that were opened 
in the old contments (though this would certainly 
have happened in the natural course of things) floated 
against the' currents of the sea^ and at length rested 
against one of the islands of its former bed, before its 
waters had entirely abandoned it: in such a case, 
what could have been the facts observed by this 
&mily? That after an extraordinary rain, during 
forty days and forty nights, their bark had been set 
adrift ; that in this state it had been violently driven 
about on a body of water extraordinarily agitated; 
that during a certain period they saw nothing but 
water under the horizon ; that at the end of that 
time, a raven and a dove gave them notice of their 
approach to land ; that at length their vessel rested 
on a mountain, where they disembarked ; from which 
moment the waters gradually retired from the land 
on which they found themselves. 

8. This, I say, must have been all that any spec- 
tators, accidentally preserved in such a catastrophe^ 
could have observed or described; it never could 
have entered into their thoughts, that this dreadfid . 
catastrophe had been caused by the sinking of an 
immense extent of land, and a total displacement of 
the sea: it is geology that unfolds to us that great 
revolution, written on our globe, in indisputable cha- 
racters ; and it thus necessarily recalls to our mind 
the important circumstance we had by our supposition 
set aside for a moment, namely, the prediction of the 
deluge to Noah, purporting, that all the inhabited 
parts of the globe should be destroyed. Here then 
is a revelation confirmed by unquestionable fects; 
and this first investigation might serve to overthrow 
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all the arguments of unbelievers against revelation in 
general; but we shall see that the whole Book of 
Genesis bears the same character. 

9. Not only the family of Noah was struck by this 
event in such a way as geology necessarily shows 
they must have been ; but they knew^ and transmitted 
to their posterity, that God had interposed on this 
occasion, and that it was by his power they had been 
preserved : we know this from the ancient mythologies, 
the first foundations of which certainly refer to tradi- 
tions of Noah's fetmily ; for the chronology of this 
family being confirmed by the phenomena of the 
earth itself, we cannot doubt that all the traditions 
must have proceeded from the same source as that 
of the Israelites. Now the nations of the East have 
applied the whole strength of their imagination to 
describe a fearfril agitation of the sea during a deluge, 
and many other prodigies ; or rather, it is to their 
lofty ideas of that event, preserved among themselves, 
on which they exerted all the power of their fancy 
when left to their own guidance, that this strong cha- 
racter of Oriental imagery is attributable : and they 
had not lost sight of the circumstance of a superior 
power having presided over this event ; for they in 
particular ascribe to such a power, the preservation 
of a bark (notwithstanding the violent agitation of the 
ocean) containing a holy person, with his family, con- 
sisting of seven people : we may see this particularly 
explained in Mr, Maurice's History of Hindostan, 
pp. 351, &c. 

10. Moses had not in view such models ; else he 
could not have avoided using their imagery : neither 
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did he write from a knowledge acquired in geology or 
physics ; for these sciences were not yet bom ; obser- 
vations on nature had till then been chiefly directed 
to the common wants of human life, and even the 
origin of the degree of science which they possessed 
was as much wrapped up in the veil of mythology, as 
that of the new race of man. The narration of Moses 
was extremely simple, and all it contains is at the 
present day confirmed by nature : I have just made 
this evident with regard to the first circumstance in 
the relation, namely, the prediction of the destruction 
of the ancient continents ; and, after I have reminded 
you of some geological facts, I ' shall point out from 
the narrative the manner in which that destruction 
took place. 

11. I have explained in the course of my former 
Letters, the causes as well as the effects of certain 
great changes that took place in our atmosphere during 
the formation of our globe, such as we see it at pre- 
sent. The causes, which are connected with the 
production of our mineral strata, are the succession of 
expansible fluids that issued from the caverns within 
the globe, at each revolution that happened at the 
bottom of the sea ; the effects, as far as regards the 
atmosphere, are to be traced in the successive changes 
that befell the race of marine as well as of terrestrial 
animals, and the several tribes of vegetables. The 
last revolution of our globe, that which produced the 
deluge, was of the same nature as the former, and of 
considerable extent : thus the atmosphere must have, 
at that time, undergone a great change ; of which we 
have already had a direct proof in the extinction, 
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without the tropics, of animals which formerly existed 
there ; and in the total extinction of some of their 
species. 

12. Without entering here into anjr discussion 
respecting rain, (although no doubt a very important 
subject, which I have discussed in several of my 
works,) it will be sufficient to remark, that naturalists 
are far frona being agreed on the cause of that pheno- 
menon, and that, in general, the causes of all the 
meteors still remain involved in great obscurity. A 
very slender degree of attention and reflection, for 
example, is requisite to excite our astonishment, when 
we observe, in the midst of a fine day, clouds forming 
suddenly in the atmosphere, increasing in size and 
density, and pouring down torrents of rain, often 
accompanied with thunder and hail; then clearing 
away, and re-appearing, perhaps frequently attended 
by the same effects. Whence proceed these remark- 
able phenomena ? Doubtless, from great and sudden 
modifications, operated in some stratum of the atmo- 
sphere, by the introduction of new fluids, but of a 
nature hitherto totally unknown. 

13. I now return to the deluge. The rain of forty 
days and forty nights, described by Moses, as an 
extraordinary phenomenon, was one of the effects of 
the change that was operated in the atmosphere by 
the ascension of the expansible fluids, that escaped 
from the innermost caverns ; when, at the commence- 
ment of the revolution, the liquid penetrated into 
them, and this ^as the prelude to those meteorologi- 
cal operations which brought the atmosphere into its 
present state. But from this extraordinary fall of 
water resulted only a first inundation of the habitable 
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parts of the globe, and Moses does not confine himself 
to the indication of this cause only ; for he makes 
mention of the fountains of the abyss, yihich, according 
to the language of Scripture means the sea. Now, 
we are about to trace the operations of these causes in 
the remarkably simple narrative which he gives of this 
great event. 

14. After these words, [Genesis, chap. vii. 17.] 
'* And the ^od was forty days upon the earth ; and 
the waters increased, and bare up the ark, and it was 
lift up above the earth ;" (which part relates only to 
the continuance of the rain, and which would have 
been the end of the inundation if the rain alone had 
produced it:) it is said [verses 18, 19,] "And the 
waters prevailed, and were increased greatly upon the 
earth. And the ark went upon the face of the waters. 
And the waters prevailed exceedingly upon the earth ; 
and all the high hills, that were under the whole 
heaven, were covered.*' This expression, " under the 
whole heaven," signifies only the whole horizon of the 
inhabited lands ; for the sphericity of the earth was 
then, and for a long time afterwards, unknown to its 
inhabitants. 

15. It was then by the extraordinary rain which 
succeeded the disruption of the caverns under the 
lands that were on the point of being destroyed, that 
the ark was set afloat : after which these lands sunk 
by degrees, and the sea flowed in firom all parts ; by 
which cause, though the rain had ceased, " the waters 
prevailed and were increased greatly upon the earth.** 
It was thus that all the mountains of those parts of 
the earth were submerged, and even overthrown into 
the caverns ; and the ark would have been carried 
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along by some of the currents and swallowed up in 
those chasms, had it not been for the Divine interpo- 
sition, which is the principal point with Moses, in his. 
narration^ and the emblems of which are found in all 
the monuments of ancient mythology. The ark then 
floated miraculously against the currents of the sea, 
and being borne up on its ancient bed, while it still 
covered it, rested upon one of those islands which 
soon after became one of the motmtaim of the new con- 
tinents. Thus, it is already evident in this part of 
Moses* concise narrative, that the sea overflowed the 
ancient lands: and now, by consulting natural history, 
we shall find also in the rest of that narrative, that 
the retreat of the waters there mentioned, was that 
of the sea, which abandoned its ancient bed. 

16* I need not prove that our continents have been 
the bed of the sea ; there is now but one opinion on 
this subject among naturalists. When the sea changed 
its bed in this revolution, all the hollow parts which 
happened to be in the new lands, remained at first 
full of its waters : but soon the waters that fell in rain 
were added to these ; and in every part where the 
extent of land fi^om whence these waters descended 
into hollow places, was very great in comparison 
with the extent of those basins, the superabundant 
water flowed into their lower parts ; so that by degrees 
the rain water took the place of the salt : and it is in 
this manner that the greater part of our lakes have 
been formed. But on these new continents, there 
were also vast basins, where the rain waters which 
came into them were not sufficient to compen- 
sate for the evaporation that took place at their 
surface ; by which means the quantity of water 

R 
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was diminished, instead of being augmented ; and 
this decrease continued till the extent of the accur 
mulated waters became so reduced, that there was 
an equilibrium between the water produced by the 
rains, and that which was carried off by evapora- 
tion ; so that the water remained salt. Such is indis- 
. putably the origin of our salt lakes, such as the 
Caspian Sea; for all the systems that have been 
imagined to explain their saltness, as well as that of 
the sea, by supposing a continual lixiviatioa of the 
lands, and the calculations made accordingly, by which 
the antiquity of our continents appeared to be millions ' 
of years, have had the same fate as those in which it 
was attempted to explain their formation by slow 
causes : they have vanished before the direct proofs 
of the small antiquity of the present state of our 
globe. 

17. Amongst the circumstances of the deluge, those 
which regard Noah himself, his family, and the ark, 
are the more important, as from these unbelievers 
have hitherto drawn those objectioiis, which appear 
most specious in the view of the generality of men ; 
while, on the contrary, it is these very circumstances 
which will serve the most readily to dispel those preju- 
dices. 

18. If Moses, as deists pretend, had invented only 
a mythology, upon the model of those that existed in 
his time, and from some inconceivable motive, had 
affected to contradict them with regard to the anti- 
quity of the new race of men, he would not have 
committed so gross a mistake, as to suppose olive-trees 
growing upon a mountaiiiy and cause a leaf to be 
brought from one of them to Noah by the dove : for 
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the Israelites must have known that this tree is never 
found on mountains ; and by placing the deluge at so 
short a time back, he had no means of covering his 
mistake, had it been one, with the veil of time, 
TouRNEFORT, in the description he has given of Ararat, 
has not &iled, as a botanist, to mention, that no ohve- 
trees grow there ; and this remark alone has made 
many unbelievers; it would not then have escaped 
the Israelites, or Moses himself, had he been writing 
a fable : but he spoke of the epoch of the landing of 
Noah on this mountain ; that is to say, of a time 
when less than a year had elapsed since it was ah 
island in the former sea. This circumstance. Sir, 
strongly excited your attention during our confer- 
ences ; it is, in feet, of great importance in many points, 
which, as they are developed, will further evince the 
truth and sublimity of the recital of Moses. 

19. We find in chap. ix. 3. of Genesis, that God said 
to Noah and his family, after their descent from the 
ark, " Every moving thing that liveth shall be meat 
for you, even as the green herb have I given you all 
things." Does not this last expression represent the 
family of Noah as surrounded with verdure on Ararat ? 
If, however, Moses had been writing a fable, would 
he have represented the summit of a mountain as 
verdant, when he had just stated that the water had 
covered the highest mountains ? It required but very 
little attention to judge, that in such a state of things, 
the femily of Noah, on their quitting the ark, would 
have found only mud every where upon the surface. 
But the Israehtes knew, from their own traditions, 
that these parents of the new race of mankind found 
both herbs and trees on Ararat. 
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20. We further find at verse 20 of the same chapter, 
" And Noah began to be a husbandman, and he planted 
a vineyard." Moses neither in this place, nor in any 
other part of his narrative, aims at giving the history 
of the vegetation or cultivation of these new lands ; 
and in fact it would have been unnecessary in ad- 
dressing himself to the Israelites of his times, since 
they knew it from tradition : the vine, therefore, is 
mentioned in this place, only because of the verse 
following, where, continuing to speak of Noah, he 
adds, *' and he drank of the mne, and was drunken f 
a circumstance which gave occasion to the setting 
forth the characters of his sons, and had consequently 
considerable influence on the events that followed 
with respect to this race of mankind : but we are no 
less here informed of two important facts ; one, that 
Noah found the vine on the same mountain, whence 
the dove had brought the olive leaf ; a mountain also 
represented as covered with verdure ; the other, that 
he, immediately after his landing, applied himself to 
husbandry, one of the first acts of which was to trans- 
plant the vine. 

21. From the preceding Letter, it will be readily 
perceived, how geology serves to explain these great 
features in the Mosaic History ; but before we pro- 
ceed to that point, I shall show why, in giving his 
account of these circumstances, as connected with the 
history of Noah and his family, he had no occasion 
to be more explicit than he has been ; since the people 
to whom he addressed himself were well informed of 
them. 

22. We have already seen, in general, that the an- 
cient mythologies were entirely founded on certain 
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traditions of the deluge ; thus we may be able to judge 
from these, what the IsraeUtes must have known from 
their own particular traditions. Now, we first find in 
their emblems, and even among the objects of their 
worship, the dove flying towards the ark with a branch 
of olive. Moreover the great personage of whom these 
mythologies make mention as miraculously preserved 
from a flood, offered up on a mountain the first sacrifice 
to the Supreme Being ; a circumstance which is very 
striking, since it is mentioned by Moses in his account 
of Noah. This personage is likewise spoken of in 
them, under different names and emblems, as the first 
cultivator of the earth; he who^r*^ tamed the bull, and 
subjected it to the yoke for ploughing ; he who^r^^ 
planted the vine ; and generally the first instructor of 
his race in all the arts. Here then we have all these 
circumstaiices mentioned cursorily by Moses ; the 
olive branch, the vine, the renewal of agriculture, and 
a first s?,crifice on a mountain, preserved in the tradi^ 
tions of the Pagans; and as these traditions were the 
only source of their knowledge, we find in them traces 
of events confirmed at this day by natural history, 
which Moses, while ftimishing instructions more ne- 
cessary to the Israelites, was under no necessity of 
recalling to their memory, and which accordingly he 
does not mention. 

23. Moses, for instance, does not speak of the in- 
fluence of mountains in re-peopling the earth, although 
geology teaches us so evidently that it is from them 
the greater part at least of the several species of plants 
and animals proceeded ; a circumstance however im- 
plied in his recital, as we shall see in the sequel. But 
if this fact be true, we shall be enabled to understand 
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how greatly Noah and his famfly must have been 
struck at observing the animals descending from the 
mountains in proportion as their food was propagated 
on the lower grounds. Now their several accounts, 
on this subject, must have been attended with very 
marvellous circumstances, to have so far excited the 
imagination of their successors, with the exception of 
the family of Shem, as to lead them to the conception 
and admission of certain beings, who had obtained 
from the Deity permission to chum the waters of the 
deluge by the whirling of a naountain, till the water 
of life was recovered, and flowed down its sides to 
reanimate expiring nature. Here doubtless is a 
gigantic stretch of imagination ; but geolo^ points 
out the foundation of it at this day, in a fact which 
must have caught the attention of the family of Noah; 
and the following is another circumstance* of a dif- 
ferent kind, which at first view appears as extravagant 
as the former, but which, however, I consider as having 
been transmitted to them by the same tradition, pre- 
cisely as they relate it ; and even as that which by 
powerfully exciting their imagination, has had the 
greatest influence in the production of their mytho- 
logies. In describing that violent agitation of the 
ocean, true in itself, though they assign it to a fabulous 
cause, they mention that there issued forth clouds of 
smoke and torrents of fire. Now I have reason to 
believe, from the monuments of volcanic eruptions of 
which I have treated in my fourth Letter, that of the 
volcanic hills of our continents, those which are not 
encircled by strata produced in the sea, as well as 
many of the volcanic islands, were formed during the 
revolution of the deluge ; and that thus the family of 
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Noah may have witnessed that great phenomenon, 
though Moses makes no mention of it, any more than 
of the violent agitation of the water. The Israelites 
knew these facts as well as the descendants .of Ham 
and Japheth ; and Moses omits every circumstance 
that is foreign from his principal object. 

24. We may now judge of the importance of the 
labours of Mr. Bryant and of the Asiatic Society ; 
which, by disclosing the real spirit of the ancient my- 
thologies, have dissipated the obscurity that through 
the neglect of early tradition amongst the Jews, hung 
over the Book of Genesis; and how much we are 
indebted to Mr. Maurice, for having brought together 
a collection of original documents in his History of 
Hindost&n, where we find, particularly at pages 341, 
354, all the circumstances I have mentioned, together 
with the following, which, considering this loss of 
traditions among the Jews, is of very great importance 
to us. The same personage who in these mytholo- 
gies is pointed out to us by so many characteristic 
traits to be Noah, is still further commemorated in 
them, as having brought forth with him from his bark 
a quantity of seeds which he had there preserved, in 
order to renew their races after the deluge. Now, 
natiu*al history also supports this tradition ; for we see 
by experience, that the preservation of the plants, most 
useful in our fields and gardens, depends on culture ; 
they gradually perish if left to themselves, and are 
not to be found among the spontaneous plants. This 
tradition then, serves effectually to resolve those diffi- 
culties, which erroneous interpretations of the Book 
of Genesis had successively produced; for we not 
only have here a further indication of the means by 
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which vegetation was renewed after the deluge^ but 
we learn at the same time, that, even on the old con- 
tinentSy culture was necessary for the preservation of 
the same plants ; a conclusion that agrees with the 
sentence pronounced upon Adam on his being driven 
out of Eden, which is a material point in Moses* nar- 
rative, and to which I shall return. 

25. As long as it was supposed that on quitting the 
ark, Noah and his family inhabited the same lands 
which had existed before the deluge, every thing was 
involved in difficulty ; for, without speaking of the 
deluge itself, which, under such a mistake became in- 
comprehensible, it was impossible to conceive that the 
smallest blade of grass could have been preserved 
under the waters of the ocean, and particularly upon 
a bottom, which, from the top of the mountains to an 
unknown depth in the plains, is nothing but a mass 
of strata in the greatest confusion, full of the remains 
of terrestrial vegetables, and marine animals. Such a 
gross contradiction between the supposed sense of 
Genesis and \he facts, was very fit to produce unbe- 
lievers ; but it was the error of the interpreters of 
Scripture, who, after the true traditions had been 
effaced from the minds of the Jews, substituted their 
own conjectures for the plain sense of the expressions 
used in Genesis. At the very beginning of his de- 
scription of the deluge, Moses relates that revelation 
of God to Noah, which announced, that the lands then 
inhabited should be destroyed. It was not, therefore, 
upon those lands that the ark rested, but on new con- 
tinents. When, accordingly, Moses comes to his short 
account of Noah and his family quitting the ark on 
Ararat, he could with propriety mention the olive-tree. 
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the green herb^ and the vine ; but these circumstances 
referred to other objects ; and he had nothing to fear 
from the criticism of the Israelites, since these parti- 
culars must have been known to them, as they were 
to the Pagan nations, namely, through traditions pro- 
ceeding from the same family. 
. 26. Now to what period of time are we to assign 
these different circumstances common to the account 
of Moses, and to the ancient mythologies ? Must we 
refef them to an epoch so immensely remote as these 
mythological systems suppose ? I have already an- 
swered this question generally, by proving the small 
antiquity of our continents themselves, which have 
thus been peopled ; but I shall now proceed to point 
out a striking connection between one of the proofs 
of this great truth, and the above parts of the Mosaic 
narrative, which unbelievers have pretended to be 
manifestly fabulous. 

27. I have proved from geology, that before the 
deluge, the summits of our present mountains were 
islands in the primitive sea ; and I at the same time 
observed, that being then in the lower part of the 
atmosphere, they enjoyed a temperature fitted for all 
sorts of vegetation. Now in the revolution which the 
deluge produced, the sea, in changing its bed, sunk 
considerably lower; the atmosphere therefore subsided 
with it, and the former islands, become now the sum- 
mits of our mountains, were situated in a cooler part 
of the atmosphere. If then Noah and his family found 
the olive-tree and the vine on Ararat, as well as other 
plants, which no doubt subsist there no longer, it is 
because they had not had time to suffer from the 
change of their situation with regard to the atmos- 



250 LETTER VI. 

phere : but as by agriculture these plants (together 
with those the seeds of which Noah preserved with 
him in the ark) came to be propagated in lower 
grounds, the temperature of which suited them^ they 
gradually decayed in that region, now too cold for 
them, and were replaced by a greater multiplication 
of those plants which were more capable of subsisting 
in their new situation. Now it was at the same period, 
and owing to the same cause, that a phenomenon of 
another kind commenced, of which I have treated in 
my preceding Letter, and which supplies a direct 
proof of the change that has taken place on our 
globe ; namely, the growing accumulations of snow 
and ice on our higher ranges of mountains. This phe- 
nomenon, I say, leaves us no room to doubt, that the 
summits of our moimtains have changed their region 
in the atmosphere ; and when I referred to it in my 
preceding Letter, I then observed, that by comparing 
the whole mass of ice thus produced up to our own 
times, with the course of its progress in known times, 
it is impossible to assign to them an antiquity more 
remote than the period of the flood in the account of 
Moses; in which respect this phenomenon accords 
with all the other natural chronometers. 

28. Thus, in the resemblances we trace so clearly, 
between the ancient mythologies and the history of 
Moses, resemblances too marked and too numerous 
not to show a connection between the sources of these 
different traditions, geology now unveils the truth. 
It is Moses, and Moses only, that has transmitted to 
posterity the true account of these times, because he 
deduced it from an infallible source, even the source 
whence nature herself proceeds, which at this day con- 
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firms the truth of his narrative ; and the resemblances 
we discover between it and these mythologies, but 
which were hidden beneath their fantastical images, 
arise from the traditions of the sons of Noah, whose 
authentic recitals of what they had observed during 
and after the deluge, gave birth to the most extrar 
vagant flights of imagination in the descendants of 
Ham and Japhet, when they were separated from the 
posterity of Shem, and thus deprived of the instruc- 
tions of Moses. 

29. Thus again, are all those psychological fables 
set aside, in which, by a vain analysis of the human 
understanding, at a period when it was already in- 
structed, some philosophers have pretended to derive 
from the powers of reason alone, all the religious 
notions scattered among mankind : for we now see, 
that the origin of idolatry is to be referred to the de- 
basement of a pure Theism, the foundation of which 
was laid in the immediate revelations from God to 
the first race of m^n, and of which the history was 
transmitted to the new race through Genesis, written 
with that view by the Divine command. The worship 
of God instituted by Noah at his descent from the 
ark, was successively corrupted into the worship of 
Noah himself, under different names; into that of 
his sons and their first descendants, and even into the 
worship of the mere emblems by which the several 
circumstances of the deluge were represented ; and 
when once men had begun to disfigure by the wild- 
ness of their imagination, objects, the true meaning of 
which they would have been unable to discover, with- 
out a reference to their real origin, no bounds could 
be put to the excess of deviations in the few, — actuated 



252 LETTER VI. 

by secret views, — and of credulity in the many : as 
Mr. Bryant has, among other learned men, made it 
appear, in the history of the propagation of the 
Asiatic and Egyptian mythologies among the Greeks 
and Romans. Nevertheless, through all these devia- 
tions^ the primitive notion of a Supreme Being, to 
whom these gods of their own invention were subor- 
dinate, prevailed at all times among the Pagans : a 
strong instance of which, as far as relates to the 
Indians, we have in Mr. Maurice's history of Hin- 
dostan, p. 359. What becomes then of all the spe- 
culations on a pretended derivation of theism from 
the human understanding, since it is thus ascertained, 
that a true theism, proceeding from revelation, did 
exist among the first progenitors of the present race 
of mankind? 

30. Besides these circumstances so clearly proved, 
which directly give the sanction of truth to the recital 
of Moses, there is another which will serve to demon- 
strate more and more clearly that the sacred historian, 
in impressing on the Israelites, as a rule for their 
conduct, the sublime ideas of the benefits, particular 
commands, and judgments, derived from God, did not 
dwell upon circumstances which they already knew 
by tradition from their ancestors. If his history had 
been a fable, Moses might well have been expected to 
show as much imagination, as those painters who, 
from false ideas of the deluge, have drawn pictures in 
which men are represented as crowding to the tops of 
eminences, and flying from rock to rock to escape the 
waters. Moses then, representing to himself Mount 
Ararat, where he informs us Noah landed, as covered 
with the dead bodies o( the inhabitants of the country 
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who had there sought refuge, would have substituted 
poetry for painting, and we should have had an elegy 
in the place of those fantastic pictures. But he is 
silent upon the subject, because he was writing the 
true history of Noah and his family, who, landing on 
an island of the ancient sea during its retreat, found 
there no human remains. 

31. This, however, under a more general form, 
was the ground of one of the arguments of unbelievers ; 
who, setting out from the false ideas which prevailed 
on the nature of the deluge, objected to the history 
of Moses, that, if it had really taken place, we ought 
to find in our strata human reliquiiB, as well as the 
remains of terrestrial animals ; which, however, is not 
the case. But Moses says expressly, that the lands 
occupied by mankind were destroyed; and geology 
confirms this fundamental circumstance. Thus, far 
from this absence of human remains, as well on Ararat 
in the description of Moses, as, in general, among the 
organized bodies buried in our strata, being an objec- 
tion to the truth of the sacred history, it is on the 
contrary, a very remarkable confirmation of it ^ With 



* " Not,*' says De Luc elsewhere, " but that human reliquiae may 
accidentally be found among our fossils • . . . Since, while our present 
lands formed the bed of the ancient sea, there existed inhabited con- 
tinents." He then proceeds to observe, that in the narrative' of 
Moses we meet with two circumstances which would sufficiently serve 
to account for the absence of human remains. The first is, that men 
began to inhabit the globe at a much later period than animals, 
namely, about seventeen hundred years only before the deluge ; 
whilst our continents enclose the remains of animals far more ancient. 
The second is, that mankind, from the first, practised the rites of 
sepulture, a circumstance which sheltered their remains from the 
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respect to the carcasses of terrestrial animah discovered 
in these strata, they were, as it has before been ex- 
plained in the fourth Letter, buried there by the 
waters of the sea, before the deluge. 

32. Of all the mistakes produced by abandoning the 
literal sense of Genesis with regard to the nature of 
the Flood, that which has produced the greatest 
nmnber of unbelievers, is the interpretation which has 
consequently been put upon the command from God 
to Noah, with respect to the preservation of animals. 
If the waters, as was imagined, had in eflfect covered 
the highest mountains all over the globe, it must neces* 
sarily have followed, that every animal now existing, 
had proceeded from their respective couples preserved 
in the ark ; and so it has been conceived. I shall not 
stop to notice the difficulties and improbabilities that 
arose from such an interpretation ; they are well 
known from the commentaries of unbelievers ; but let 
us pursue the history of Moses, to see if their argu- 
ments against his commentators, prove any thing 
against himself. 

33. The passages they interpret in this manner, 
begin at verse nineteen of the sixth chapter of Genesis, 
where God speaks thus to Noah : — '^ And of every 
living thing of all flesh, two of every sort shalt thou 
bring into the ark, to Iceep them alive with thee ; they 
shall be male and female." This, doubtless, is a 
general expression, which we also find in the subse- 
quent passages relating to the same subject ; but, as 

accidents that befel the carcasses of animals, which were frequently 
drifted by floods and rivers to the sea. — Lettres sur THistoire de la 
Terre, &c. vol. v. p. 660. 1779.— Ed. 
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early as the twenty-first verse, we meet with a general 
expression of another kind, which will assist us in the 
interpretation of the former : — '* And take thou unto 
thee of all food that is eaten, and thou shalt gather it 
to thee ; and it shall be for food for thee and for them." 
Let us proceed to the descent from the ark. God 
first tells Noah and his family (chap. ix. v. 3.) : " Every 
moving thing that liveth shall be meat for you ; even 
as the green herb have I given you all things.** Now, 
do we not find in these general expressions, compared 
with each other, a form of speech very common, not 
only among the oriental writers, but in every lan- 
guage, when a certain totality is to be expressed, 
which the circumstances serve to explain without 
ambiguity ? Noah was not mistaken with respect to 
the orders he received ; they were so expressed as to 
enable him to comprehend what animals he ought to 
take into the ark, to keep alive with him, and also what 
provisions were necessary for their food during the 
deluge. It is not in the short account of Moses that 
we can expect to find these details; it is evident 
through the whole of his narration, that he passed 
rapidly over such circumstances as were previously 
known to the Israelites by tradition ; otherwise he 
ought at the beginning of the account of the deluge, 
as predicted to Noah, to have indicated its duration 
also, which surely was revealed to him, since it was 
necessary he should be " informed of it, in order to 
proportion the quantity of provisions to be taken into 
the ark." We hence perceive, that Moses did not 
think it necessary to enter into such details with the 
Israelites, because they knew them from their tradi- 
tions. 
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34. Lastly^ all doubts on this head vanish when we 
come to the following passage, containing one of the 
declarations of the Almighty to Noah, after his quit- 
ting the ark (chap. ix. v. 8, 9, 10.) : *' And God spake 
unto Noah, and to his sons with him, sajdng, and I, 
behold I, establish my covenant with you, and with 
your seed after you ; and with every living creatine 
that is with you, of the fowl, of the cattle, and of every 
beast of the earth with you ; from all that go out of the 
ark, to every beast of the earth." Does not this repe- 
tition of the words ^' with you,** joined to the expres- 
sion of *' all that go out of the ark," corresponding with 
the order given to Noah, '^ two of every sort shalt 
thou bring into the ark, to keep them alive with thee,* 
establish an evident distinction, between the species of 
animals that Noah had taken into the ark, and which 
had come out of it with him, and ^^ all the beasts of the 
earth ?" Here, geology teaches us, why the Israelites, 
unlike those commentators who had mistaken the 
nature of the deluge, sought not a sense in these ex- 
pressions different from that which naturally belongs 
to them : they knew that after the retreat of the waters 
of the flood, a number of animals descended from the 
mountains, and dispersed themselves over the sur- 
rounding countries, in proportion as their means of 
sustenance increased ; as we have it figured in the 
ancient mythologies, by the water of life, which began 
to flow from the sides of a mountain. 

35. Thus, setting aside the animals immediately 
needful to man, and those that, for particular reasons, 
Noah was commanded to take into the ark in order 
to preserve the species by him, (the raven for instance) 
the new continents were peopled with animals, as weD 
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as vegetables^ from their mountains; a fact which 
explains the phenomenon of the carcases of animals 
that now exist only between the tropics, being found 
in our superficial strata in the northern parts of the 
globe. At the time of the deluge these animals still 
existed in our climates, with all the other animals 
which^ without haying come out of the ark, exist in 
them at this day. The animals, which happened to 
be on the tops of the new mountains, spread them* 
selves oyer the adjoining countries ; but many under* 
went the same fate as the plants ; they perished 
owing to the change of circumstances, and they pro* 
pagated only in places where the new state of things 
was suitable to their natures. Hence it is that each 
distinct region is found now to have its peculiar plants 
and animals, a circumstance of considerable moment 
in geology, which I shall explain more fully hereafter, 
in treating of the origin of organized beings *. 

36. Every part of this sublime narration of Moses, 
is impressed with characters which refer immediately 
to the Author of nature himself. I have just stated 
the solemn covenant which God vouchsafed to make 
with the inhabitants of the new lands; the follow*- 
ing sign was annexed to it; (Gen. ix. 12, 13.) 
*' And God said : this is the token of the covenant 
between me and you, and every living creature that 
is with you, for perpetual generations ; I do set my 
bow in the cloud, and it shall be for a token of a 
covenant between me and the earth." I shall first 
show what this great object presents to our notice^ 

^ See a Dissertation on this subject, annexed to the Paris edition 
(1 798) of the present work. Ed, 



1J58 LETTER VI. 

considered as it stands connected with physics and 
geology ; after which, I shall speak of the proo& we 
have of the reality of this event. 

37. I have already had occasion to remark, that 
rain does not proceed from the condensation, i^ cold, 
of the water raised by evaporation, but that it is pro^ 
duced by a chymical process, which is still involved 
in much obscurity. In the present state of our globe 
we observe two very different sorts of rain : the one 
which prevails over a laige extent of country, either 
in a calm, or during regular winds ; this rain is com** 
monly foretold by the fell of the mercury in the baro» 
meter ; it is always of some continuance, and is not 
accompanied with any other particular phenomenon : 
this I shall call simple rain. The other is local; and 
the barometer seldom announces it; its symptoms 
are sudden, and return by fits ; it is always accom- 
panied with gusts of wind, which also are local; 
often it ends only in showers, but sometimes it. is 
attended with hail, thunder, lightning, and even with 
hurricanes. This I shall call tempestuous ram. It is 
to this latter kind of rain only that the rainbow, or 
Iris, belongs ; for it requires that, at the same time 
when the air is clear in the part of the horizon where 
the sun happens to be, there shall be in the opposite 
part a cloud, very low and very thick, and that another 
cloud shall be so situated as to produce rmn between 
the thick cloud and the spectator looking that way ; 
circumstances that never happen in the case of nmpU 
rain, the clouds belonging to which are higher, and 
extend at once over a large tract of country : then 
also it rams or snows on the highest mountains ; while 
in the case of tempestuous rains, we need not go to 
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a great elevation to have a tempest below us. When 
the simple rain ceases, the clouds every where break 
and disperse at once, without partial showers ; while 
in the case of tempestuous rains, it often continues to 
rain for some moments in spots where the rays of 
the sun are faUing, and where it is evident that the 
rain proceeds from the dispersion of the remaining 
clouds. 

38. Thus, in order to decide certainly the ques« 
tion, whether the rainbow was known to the antedi- 
bwians, it would be su£Scient to ascertain whether at 
that time there were any tempestuous rains. All we 
know in this respect is, that there is no mention of 
hail or thunder in all that Moses has said of the times 
anterior to the deluge, a circumstance which obliges 
us to consider this object upon physical and geolo- 
gical principles, in order to judge whether there be a 
possibility that the rainbow had not appeared before 
this revolution on our globe. 

39. The simple and the tempestuous rains, unques* 
tionably proceed from one common cause, by the 
operation of which much water is from time to time 
•separated from the atmosphere, without however the 
hygrometer, (which marks the different degrees of 
humidity of the air, and by which we are enabled to 
determine the quantities of water corresponding to all 
the degrees of humidity of the air,) ever indicating 
the thousandth part of what then falls from some 
stratum of the atmosphere. This, I observe, is com- 
mon to every kind of rain, and it aflfords a problem in 
meteorology which is far from being as yet resolved : 
but what we do perceive very clearly, is, that tem- 
pestuous rains, from all the phenomena which accom- 

s 2 
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pany them, must necessarily have, besides the general 
cause, some particular causes of different kinds, or 
different degrees, depending, no doubt, on some mix- 
tures of fluids, which at such times rise up in the 
atmosphere of the place in which they occur, or pro- 
ceed from other spots^ and originate in some parti- 
cular state of the atmosphere itself. Now we know 
from geology, that at the period of the deluge, there 
happened very considerable changes, not only in the 
atmosphere, but in the waters of the sea, and in the 
nature of the lands ; so that it is not unreasonable to 
suppose that the particular causes of the tempestuom 
rains have been produced by those changes ; and that 
accordingly, when the rainbow appeared afl;er the 
deluge, it was a new phenomenon, connected with a 
new state of the earth ; a state more permanent than 
the preceding, and with regard to which that pheno- 
menon became a real token of what God also declared 
to Noah at verse fifteen of the same chapter : '^ that 
•the waters should no more become a flood to destroy 
all flesh f that is to say, that beneath the new conti- 
nents no such caverns should be formed as those into 
which the preceding lands sank, and when the sea 
consequently threw itself into a lower bed than that 
which it before occupied ; a circumstance which, con- 
sidering the successive effects which have brought 
about the present state of the earth, appears in itself 
highly probable. 

40. Admitting this idea, that the rainbow then 
appeared for the first time, to Noah and his family, 
let us represent to ourselves how they must have 
been struck by the novelty and magnificent appear- 
ance of the phenomenon, and by the Divine revelation 
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which presented it to their notice, as the token of a 
covenant with them and their descendants ; and then 
we shaU no doubt find in the proof, that this unpres- 
sion was in fact produced, that of the reality of the 
event of which I have just shown the physical possi- 
bility. On this subject it is necessary to read that 
section of Mr. Bryant's *' Analysis of Ancient Myihth- 
hgy!* (vol. ii. p. 341.) that has for its title, "of Juno, 
Ieis, Eros, and Thamur^*' in which the author unfolds 
what the ancient mythologies contain of allusion to 
this ^^, as forming an era of the greatest importance 
in the history of mankind. The Iris, either as repre- 
senting or accompanying Divine hve, and even ex- 
pressly as the emblem of a solemn covenant, became 
an object of worship among the first nations^ distinct 
from the family of Shem ; and Mr. Bryant gives a 
particular instance of this (p. 414 of the same volume,) 
in the design of a piece of sculpture, cut in the rock, 
near the Campus Magorum, in Persia, copied by 
Thevenot, in which Eros, that is to say, divine love, 
represented by a winged infant, is sitting on a rain- 
bow, near which is the figure of an old man in the act 
of adoration. Lastly, Mr. Maurice, (at p. 347 of his 
work), quotes also the mythology of the Chinese, 
where^ they make their great deity Fohi to spring 
from a rainbow ; and this personage, in other respects, 
bears .all the characters and attributes of Noah, as 
saved from the deluge. Here then are pointed traits 
of a general tradition relative to the rainbow, con- 
sidered as a great sign ; and to this, physics and geo^ 
logy add their evidence. Now, if we consider the 
simphcity and conciseness with which Moses relates 
this circumstance, we shall find, that the Israelites 
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must have^also known it^ by tradition, from their pro-^ 
genitors, and it is a fresh proof that, through the 
whole of his account, he relied on this tradition* 

41. There is also a very remarkable circumstance, 
which refers at once both to the history of thejlood, 
and to the events that are related with respect to the 
first man ; a connection that we have already noticed 
fa the o^e of the plants which require aJtiVation to 
preserve them. In describing the garden of Eden, 
with the view solely of giving to the Israelites an 
account of the origin of evil, and of the remedy 
revealed by Divine wisdom, Moses mentions the fol'* 
lowing circumstances, (Gen. ii. 10, &c.) : ^^ And a river 
went out of Eden to water the garden, and from 
thence it was parted, and became into four heads ; 
the name of the first is Pison, the name of the second 
is Gihon, the name of the third is Hiddekel, which 
goeth towards Assyria, and the fourth river is Eu- 
phrates.'* Here, I say, we have a description given 
by Moses in the second chapter of Genesis ; and it 
could not but be present to his mind, when at the 
sixth chapter he began the history of the deluge. 
The Israelites, to whom he addressed himself, knew 
well one Assyria and Euphrates, but these were very 
differently situated ; no river existed in these countries 
that was divided into four heads, of which one was 
Euphrates, and another ran towards Assyria: how 
then could they have borne this first apparent con- 
tradiction between the narrative of Moses and the 
facts. 

42. We shall see here, from the very beginning of 
the Book of Genesis, what I have observed vdth 
regard to all the other parts to which I have had 
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oocasion to refer^ tbat the Divine source from which 
it is derived is rendered manifest even in its seeming 
improhabilities, when^ taking a view of all its parts, 
we compare them with the whole assemblage of geo* 
logical &cts^ At the second chapter, where Moses 
qioke of the garden of Eden, he was describing a 
place which had belonged to the ancient continents; 
but when, in the sixth chapter, he came to the history 
of the deluge, he begins with the declaration of God 
to Noah, that these continents should be destroyed. 
The Israelites, therefore, were not induced to make 
the observation I have just alluded to; they knew 
that the names Assyria and Euphrates were antedi-^ 
Jfwian, and only transferred to the new continents, as 
we have since seen it practised imiversally by colo* 
nies, who name the new settlements in the countries 
tbey adopt, after the correspondent names of their 
native countries ^ Moses, in speaking of the garden 

• 

^ It may be doubted whether this hypothesis is altogether satis- 
fiustory. The river Pisonis mentioned Ecclesiasdcus xxiv. 25 ; the 
land of Havilah, Genesis xxv. 1 8, 1 Samuel xv. 7 ; the river Hid^ 
dekel, Daniel x. 4, which is supposed to be Tigris. In Calmet's 
Dictionary, in the article Pison, or Phison, the writer observes : *' We 
take it to be the Phasis, a famous river of Colchis.** Moses says, 
(Gen. iL 11, 12.) that it runs through all the land of Havilah, and 
that excellent gold is found there. The gold of Colchis is much 
celebrated. It has been thought that Moses expresses himself as if 
he wished to be understood to speak of lands and rivers that were 
extant at the time he wrote. 

Another solution of the difficulty is given by Mr. Granville Penn, 
in his Comparative Estimate of the Mineral and Mosaical Geologies. 
The eleventh, twelfth, thirteenth and fourteenth verses of the second 
chapter of Genesis, containing the description of the rivers of Eden, 
** constitute a parenthesis intersecting the thread of narration, and 
introduced solely for the purpose of illustration." — " This," Mr. 

9 
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of Eden> described a real place ; for he could not be 
guilty of so gross a mistake as the contrary would 
imply : but this place existed no longer, since the con- 
tinents on which it was situated had* been destroyed: 
geology, even so far as it relates to the narrative of 
Moses, leads us to think that it was destn^ed when 
Adam and Eve, banished from the spot where they 
had transgressed the command of God, were com- 
pelled to apply themselves to agriculture for their 
subsistence^ It is, I say, very probable, from the his- 
tory of Moses, that a volcano burst forth to bar the 
entrance of this original place of their abode, while 
it sunk into the sea. I have shown that volcanic 
eruptions make a part of the history of the ancient 
sea, and Moses mentions a flaming mord, which 
guarded the entrance of the garden. 

43. Lastly, after the account of the different cir- 
cmnstances of the flood, and of the first estabUsh- 

Penn says, *' is manifest upon the face of the text." He considers 
** this illustrative insertion to have been originally a marginal gloss, 
which became incorporated into the text, either during the captivity, 
while the Hebrews were dwelling in the regions bordering upon the 
Hiddekel (or Tigris) and Euphrates, or afler their return from that 
captivity." He remarks, that Bishop Lowth and Dr. Kennicott have 
treated of these glosses, and that " both the sacred testaments are 
known to have sustained such depravations in several instances.'* 
He then adduces an example of an incorporated gloss in the New 
Testament, noticed by Bishop Marsh, (Introd. to the New Test, 
vol. ii. p. 258.) 

Should the respective solutions of Mr. 6. Penn and our author 
be deemed inadmissible, it may not unreasonably be supposed that 
some portions of the antediluvian continents were, subsequently to 
the last revolution, abandoned by the waters of the sea. Further 
observations can alone decide the question : it would be necessary 
to find human fossil remains in the part preserved. — Ed. 
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meht of Noah and hk family on the new continents^ 
Moses passes on to their posterity. He sets out with 
the first generations of the three sons of the great 
patriarch, to mark the course they pursued in forming 
their first settlements, whence we are able to trace 
the origin of the traditions of the deluge among the 
Pagan nations : after which, confining himself to the 
posterity of Shem, which was his principal object, he 
first attributes to Noah a length of life equal to what 
he had assigned to the antediluvians; he lived, he 
tells us, 95& years. From this time he represents the 
term of man's life as decreasing; accordingly, Shem's 
life was contracted to 600 years ; nevertheless, in this 
course of successive decrease, Abraham, the common 
father of the Israelites, and on whom he never ceases 
to fix their thoughts, is yet spoken of as having 
attained to the age of 175 years^ after which the 
common term of human life was gradually shortened 
to its present duration. This is the last geological 
fact in the account of Moses, (the rest being only the 
history of the Hebrew nation) but it is well worthy 
of consideration. 

44. The ancient mjrtholo^es of the Pagans, also 
assign very long lives to their first heroes ; and after 
the account I have given of the origin of their idolatry, 
it is natural to think, that the real facts relative to 
this object, had so raised their imagination as to lead 
them to attribute immortality to these founders of the 
new race of mankind, and proportionally to augment 
the distance of time since they appeared on the earth. 
Every thing became gigantic in the ideas of these 
primitive people, as soon as their traditions had be- 
come the only sources of their knowledge ; because 
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these contained real prodigies ; and a9 thereby they 
disfigured more and more the facts themselves^ it is 
not surprising that their chronologies are at length 
become pure fictions, 

45. If Moses, as unbelievers suppose, had borrowed 
firom these sources, can we bring ourselves to believe 
that he could have fitllen into such a mistake as tQ 
drop the veil of antiquity in his chronology, so as to 
make in his address to the Israelites, but a few genera- 
tions to have passed between Noah and the times of 
Abraham, their common £Either, at the same tim^ 
describing the term of life of their ancestors as having 
decreased in this short period^ from 950 to 175 years, 
with agam a decrease of one-half, fi-om the tune of 
Abraham to that in which he wrote ? No, it is not 
thus that designing people invent It must necessa- 
rily be allowed that Moses reUed on not being 
contradicted; and we now see that he spok^ 
nothing but the truth, since our continents, that 
permanent assemblage of chronometers, confirm his 
chronology. 

46. Here^ again^ some inattentive commentators on 
the book of Genesis, have, by the variety of their 
systems, given an increased weight to the arguments 
of unbelievers. It is not necessary for me to enter 
into these details, because I shall again show, that the 
literal sense of Genesis is the truth : but I must for a 
moment stop to consider a point of importance on this 
head. 

. 47. I have in view some chronological systems 
immediately deduced from the ancient astronomical 
monuments, under the idea, that nothing has hap- 
pened with respect to the motion or position of the 
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^arth that is foreign to the causes or laws which serve 
as a basis to astronomical computations. This sup- 
position is very natural on the part of astronomers ; 
but geology does not permit us to assent to it^ be- 
cause the revolution that occasioned the deluge must 
have had some influence on our globe in this respect. 
If we first consider the statical consequences likely to 
have followed from a sudden displacing of such a mass 
as the sea^ we must judge that the velocity and direc- 
tion of the motion of the parts of this mass^ which 
happened to change their parallel^ could not but have 
some influence on the velocity and direction of the 
motion of those parts of the globe to which they 
flowed^ and on which they were detained^ and thus 
occasion some change both in its rotatory motion^ with 
respect to the position of its poles, and in the inclina- 
tion of its axis to the plane of its orbit. Moreover, the 
continents having sunk down, and a portion of the 
waters of the sea having filled up vast caverns in the 
interior of the globe, there could not but follow some 
sensible alteration in its centre of gravity, and, conse- 
quently, in the direction of the plumb4ine on some parts 
of its surface. These changes, doubtless, could be 
but small ; however, they do not the less discredit 
chronologies which have for their foundation merely 
some astronomical traditions among Asiatic nations ; 
because in those chronologies changes are ascribed 
to the time elapsed between the ancient and modem 
observations, which may have been produced in a 
very short space of time. 

48. I have called traditions the asti'onomical frag- 
ments discovered among the people of Asia, because 
M. Bailly has proved that these fragments had an 
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origin prior to that of these people themselves ^ Now, 
from all that I have hitherto proved^ these traditions 
could proceed only from Noah ; that is to say^ from 
the first fomider of the new race, and of this we have 
direct monuments in the ancient mythologies, where 
the great personage from whom they deduced all 
human knowledge, is, among other things, represented 
as having instructed them in astronomy. This also is 
the most probable reason why this science, not having 
its foundation in their own discoveries, but following 
the turn their fancies took in all other respects, dege- 
nerated into astrology. Such a gradual process may 
be traced in the works of Mr. Bryant, and Mr. Maurice, 
the latter of whom may especially be consulted at 
page 446 of his work. 

^ "Having examined and compared," says the author, "the formulas 
of different nations, too distinctly situated to borrow from each other, 
M. Bailly found in all of them, the length of the year differently 
determined from what we know it to be. They consider it as con- 
sisting of 360 days ; a difference which they superstitiously retain ; 
but which they rectify in their calculations." — Lettres sur TEduca- 
tion Religieuse, &c. § 150. He then proceeds to observe, that Ph. 
Howard, in his Scriptural History of the Earth, has proved, from 
very striking characters, that these astronomical formulae had been 
determined by the antediluvians, and that with great accuracy, in 
regard to the state of the earth at that period. The difference in 
question is to be accounted for, in De Luc's opinion, by small 
changes that have occurred in the earth's motions, and which he 
considered to have been, not the cause, but the consequences of the 
deluge. — Lettres sur THistoire de la Terre, &c. Vol. V, p. 619. 
Elem. Treat, p. 10. Mr. Howard has, moreover, shown that the 
evidently fabulous portions of the chronologies of the post-diluvians, 
were nothing more than the transformation into supposed portions 
of their history, of such astronomical periods as they had deters 
mined by retrograde calculations. — Ed. 
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'. 49. I now return to the long lives, both of the ante- 
diluviam,BXidL of the first generations of men after the 
deluge^ a circumstance for which it is not difficult to 
assign a physical cause, since we have already had 
occasion to notice considerable and successive changes 
among all classes of organized beings, before and after 
the deluge. These changes, the consequences of those 
that happened both in the interior and at the surface 
of the globe, were likewise the effects of the same 
causes that have produced so many greater effects of 
different kinds, of which I have given an account in 
these Letters; and we may readily conceive from 
analogy, that the long lives of the antediluvians were 
connected with, the state of ^the earth ; that the family 
of Noah, bringing with them to the new continents a 
great strength of constitution, communicated it to 
their first descendants, and that it diminished only by 
degrees. All is connected together by the same causes, 
in the long series of geological phenomena, including 
the history of organized beings ; and it is those phe- 
nomena, which, drawing aside at this day the veil of 
mythologies and erroneous interpretations of Genesis, 
connect together all the parts of that cosmogony 
which is derived from the fountain of truth. 

50. As for the final causes, of which we can no 
longer doubt after so many proofs of the interference 
^f God in the events of the earth, it is still easy to 
trace them in this account of the duration of the life 
of man. The first continents having been peopled only 
by the descendants of Adam and Eve, and the present 
continents by the family of Noah, we find, accord- 
ingly, a sublime agreement between the long lives of 
men in the first of those periods and the beginning of 
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the second, and the rapidity, as well of the population 
as of the advancement of the arts, of which we find 
such unaffected traces in the narrative of Moses; for 
it would be easy to prove that this long term of life 
more than quadrupled every effect that the same 
length of time would have produced among men whose 
Uves would have been only of the present duration. 
But when the human race was renewed on continents 
which the sea could no more overwhelm, and had so 
multiplied, that men would by degrees crowd together 
on the same parts of the earth, it was a sublime dis- 
pensation of the wisdom of the Creator, thus to dimin* 
ish the duration of human life, and thereby to shorten 
the reign of the passions of individuals. 

51. In terminating here the physical explanation 
of the eleven Jirst chapters of Genesis, containing the 
history of the earth from the epoch when light was 
first added to the other elements which composed it^ 
to the time of the calling of Abraham, I feel it proper 
to recapitulate the motives that have led me to the 
investigations of which these Letters contain the re- 
sults. What can we determine with certainty respect- 
ing the origin and nature of man, without knowing his 
history ? How can we know any thing of the history 
of man, except we know sufficiently the history of the 
planet he inhabits ? How can we learn the history of 
this planet without studying the monuments of its revo- 
lutions, and all that natural philosophy can discover 
to us of their causes ? Such are the questions that 
have induced me to devote near fifty years of my life 
to these studies, including the history of man himself; 
and as they have more and more strengthened my 
convictions of the truth of revealed religion, I have 
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found the reward of my labours in an inward satisfac- 
tion, which the vicissitudes of my hfe, although not 
inconsiderable, have never been able to destroy. 

52. By inviting us in the Scriptures to the study 
of nature, God has provided the means of recalling 
men to faith in revelation, when the lapse of time 
and the restlessness of the human passions and ima- 
gination might lead them to unbeUef. That faith had 
been successively established among mankind by the 
miracles of which they had been the witnesses, and 
the knowledge of which they had transmitted to their 
successors ; and in our time it will be maintained by 
proofs of the past existence of the earliest and most 
important of these miracles, which wiU gradually dis- 
pel the obscurities produced by the fabulous accounts 
of nature, which the pretended instructors of mankind 
have propagated. Men will then universally acknow- 
ledge a Supreme Legislator, who has given them 
precepts and laws ; and they will at length be con- 
vinced of what importance it is to their welfare to 
regard Him alone. 
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Containing Remarks on some Erroneous Representations 
relative to the Author, in a work entitled, '' A Com- 
parative Estimate of the Mineral and Mosaical 
Geologies'* 

To the unfeigned piety and the soundness of religious 
sentiments, which distinguished the author of the 
preceding work through every part of his long and 
useful life, all those who have known him can bear a 
willing and decided testimony. It is therefore difficult 
not to feel something more than surprise, on finding 
this venerable Christian philosopher branded with 
apostasy, in a work entitled '' A Comparative Estimate 
of the Mineral and Mosaical Geologies/ because, 
from a supposed '* dread of the sarcasms of the phy- 
sical philosophers," he had concurred in opinion with 
De Saussure on a well established and fundamental 
point of geology. He is represented as '' vacillating," 
and as having resorted to a '* fatal system of com- 
promise and concession," (Comp. Est. p. 83.) for hav- 
ing adopted the opinion of that enlightened naturalist, 
that the mass of our continents is composed of strata 
of different genera and species, successively formed 
by chymical precipitations at the bottom of a liquid ; ' 

T 
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and he is accused of " surrendering the high and solid 
principle,** maintained in the following passage of his 
eariiest geological work : — ' neither natural history nor 
physical science lead us to believe that our globe has 
existed from all eternity ; whenever, therefore, it ac- 
quired its first existence, the matter of which it was 
composed must, in all necessity, have been of some 
nature and under some first integrant form/ It will 
scarcely be credited that such a charge should seriously 
be brought against a man, whose extraordinary per- 
sonal efforts on the continent, successfully persisted in 
for several years, to unmask the pretended friends, and 
oppose the avowed enemies of Christianity, excited the 
admiration and gratitude of every sincere lover of the 
truth, (See Correspondance entre le Dr. Teller et 
J. A, de Luc. — Lettres aux auteurs Juife d'un Memoire 
adress6 au Dr. Teller. — Precis de la Philosophic de 
Bacon. — Lettres sur le Christianisme, &c.) Indeed the 
professed object of his Letters to Prof. Blumenbach 
necessarily protect De Luc from similar charges. It 
were well, then, if Mr. Granville Penn had made himself 
better acquainted with the works of an author whom 
he so unjustifiably assails. He would have known 
that the '* Introduction a la Physique terrestre par las 
fluides expansibles," contains a direct refiitation of 
those principles, which led FouRCRoy to rank the 
*' creation of the world among the pious fictions in- 
vented by the authors of certain rehgious chronicles." 
De Luc has, in that work, shown in a very *^ uncom- 
promising" manner, that from a profound study of the 
phenomena, the most undeniable traces of a ceww- 
mencement may be deduced in immediate opposition 
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to the doctrine of the " eternal march of nature," 
maintained by his infidel antagonist. (See Intro- 
duction a la Physique terrestre, &c. Vol i. pp. 153. 
267, and 268.) In De la Metherie's own Journal, the 
ready vehicle at that disastrous period of opinions 
hostile to Christianity, De Luc openly asserted his 
belief that Revelation, when divested of the erroneous 
commentaries by which it is sometimes obscured, is as 
satisfactorily demonstrated by geological monuments, 
as any ancient historical fact can be by the docu- 
ments that relate to it. Joum. de Physique, tom. xl. 
p. 455. 

But we are told that the formation of the mineral 
strata by chymical processes, according to the laws of 
affinity and aggregation, ^^ favours the atomic or athe- 
istical philosophy '' Does De Luc, however, it may be 
asked, or do the naturalists mentioned by Mr. Gran- 
ville Penn, while they recognize certain laws which 
regulated the arrangement of the elemental materials 
of the strata, hesitate to acknowledge that those laws 
were established by the Creator ? 'The primary rocks 
exhibit the appearance of having been formed by 
crystallization in a Uquid; and shall we say, when 
we see a salt crystallizing in a liquid, that it is in 
consequence of a direct act of the Divine will, and not 
by the effect of the affinities and the attraction of 
similar molecules, established by the Deity? The 
remark that '^ divine intelligence is questioned in pro- 
portion as secondary causes are supposed to execute 
functions which reason sees to pertain exclusively to a 
first cause," cannot be considered as applicable to th^ 
doctrine in question. How, again, is the hypothesis of 
the gradual process of precipitation and crystallization 

t2 
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according to the above stated laws^ in necessary con- 
tradiction with the assertion^ that '^ all material 
things seem to have been composed and variously 
associated in the first creation by the counsels of an 
intelligent agent T— or how is that doctrine necessarily 
inconsistent with the belief, " that God endowed the 
particles of matter with such properties as most con- 
duced to the end for which he formed them ?" The 
very passage quoted by Mr. Granville Penn against 
De Luc, may be considered as expressive of the 
general principle on which all the physical deductions 
of our author are grounded. 

*' De Luc,** he again remarks, (p. 53.) ^' abstained 
with a very curious reservation from emplojdng the 
word creation in physical, enquiries :" — ^ I shall not 
say created, because in physics I ought not to employ 
expressions which are not understood among men.' 
Lettres sur THistoire de la Terre, &c. Vol. ii. p. 211. 
Mr. Penn then proceeds to animadvert upon that 
passage in a strain of misplaced levity, no less unbe- 
coming the gravity of the subject, than the respect 
due to so venerable a character as De Luc\ The 
meaning of the latter, however, has been entirely 

• 

* An equally intemperate tone prevails in Vol. i, pp. 241, 242. 
2d edit. Mr. Granville Penn accuses De Luc of an intention to 
carry, " by force or stratagem, a point of system," and of having 
asserted, '^ with a hardihood totally unaccountable, that ancient inter- 
preters, have for a long time remarked," that the Hebrew words 
signifying evening and morning, are used in the Book of Genesis to 
signify the beginning and end of a period of indefinite length. Mr. 
Granville Penn is here misled by a typographical error. In the 
Lettres sur I'Histoire Physique de la Terre, &c. p. 97, the words 
interpretes antiques had, by mistake, been substituted for inter pretes 
critiques. See Errata at the end of that work. 
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misapprehended by Mr. Granville Penn, and may be 
gathered from another passage that occurs in the 
same volume ^ ; where our author states his opinion, 
in concurrence with some of the deepest thinkers, 
that '' the notions of (what we term) non-existence, 
and the transition from non-existence to (what we 
understand by) existence, altogether surpass man's 
capacity, and that in all likelihood, it is impossible for 
him to receive them in his present state.** For this 
reason abne he considered it unphilosophical to 
employ, in physical researches, a word to which no 
distinct sense can be annexed. ** That there was," 
he says, *' a first intelligent Cause ; that from that 
Cause the universe took its origin ; that through its 
operation, in a word, the heavens and the earth were 
created in the beginning, man could learn, even from 
revelation, only as facts ; being wholly unable to 
comprehend the principles upon which those facts 
depend." Our author's phrase, therefore, ** des ex- 
pressions sur lesquelles on ne ientend pas J' simply 
conveys a belief that men cannot form to themselves 
any clear conceptions of the creative act, on account 
of the impenetrable obscurity with which that act is 
invested in the view of finite beings. It is evident 
that our author's observation so far from excluding, 
in reality implies, the idea of creation. 

Regardless pf the idiom of the French language, 
Mr. Granville Penn, in his animadversions upon De 
Luc, converts reflective verbs into personifications. 
He translates " se forma," *' se formerent," hy formed 

^ V. pp. 634. QSQ, See likewise " Precis de la Philosophie de 
Bacon," Vol. ii. p. 128. 
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itself , formed themselves (p. 20) ; throwing those words 
into, italic characters, with the apparent purpose of 
insinuating that a Divme and superintending inteU 
ligence was altogether overlooked in the systems of 
the mineral geologists. But does De Luc " question 
the intelligence of the Deity,** when at the comnxence- 
ment of the third Letter of this Collection he observes, 
that " nature herself confirms that grand command 
of the Almighty, in the first chapter of Genesis with 
which the Mosaic history begins, *^ Let there he light f 
and when he elsewhere says, that there is nothing in 
nature that can explain the origin of it ? See also 
Letter IIL §§ 7, 12, 19 ; V. § 8. and Introd. In 
such passages as these, our author not only '* pre- 
supposes a first intelligent Cause," but " propounds/ 
and " proclaims it like Newton ;" (Comp. Estim. pp. 
120, 121.) and on inspecting his other publications 
it will be seen that De Luc ^' not only proclaims it 
once," but ** recurs to it repeatedly and constantly, 
as a first principle never to be lost sight of." With 
what shadow of candour then, or consistent reasoning 
can it be maintained, that '* nature and chymistry" 
constituted the ^' first principle" of the philosophy 
taught by De Luc, and that the '^ mineral geology" 
which he adopted, " considered as a science, can do 
as well without God, as Lucretius did ?'* The efficient 
cause of affinities and attractions determining physico- 
chymical effects is always regarded by our author as 
independent of matter, inasmuch as he considers such 
affinities to be laws of motion impressed upon it by 
the Creator. 

The general spirit, indeed, in which our author 
has attempted to explain and describe terrestrial 
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phenomena is, throughout the above work, entirely 
misapprehended and perverted by an erroneous inter- 
pretation, which confounds the determination of laws 
established by the Creator, with the supposed opera- 
tions of a blind and fortuitous cause. To find a 
learned and estimable writer, like Mr. Granville Penn, 
labouring under such false and unworthy impressions 
in regard to De Luc, cannot but be felt as a subject 
of much regret; the more especially, as in other 
parts of his work, he seems duly sensible of the great 
merits of that philosopher K 

It having been thus incumbent on the editor to 
advert to the " Comparative Estimate," he would 
here take occasion to observe further, that the mode 
of reasoning adopted by Mr. Granville Penn from the 
animal and vegetable, to the mineral kingdoms, with 
regard to first formations, appears not suflSciently close 
for the purposes of his argument. 

" As the bone of the first man," says Mr. Penn, 
** and the wood of the first tree, whose solidity was 
essential, for giving shape, firmness, and support, to 
their respective systems, were not, and could not have 
been, formed by the gradual processes of ossification 
and lignification, of which they nevertheless must have 
exhibited the sensible phenomena or apparent indi- 
cations ; so, reason directs us to conclude, that pri- 
mitive rock, whose solidity was equally essential for 
giving shape, firmness, and support to the mineral 
system of this globe, was not, and could not have been, 

^ " He was eminently distinguished, and his memory is deservedly 
honoured in the department of physics ; he was great also in showing 
the concord of many natural phenomena with the Mosaic record of 
the deluge." p. 208. 
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formed by the gradual processes either of precipitation 
and crystallization, ,or of fusion and crystalhzation, 
notwithstanding any sensible phenomena apparently 
indicative of those processes, which it may exhibit ; 
but that in the mineral kingdom, as in the animal and 
vegetable kingdoms, the Creating Agent anticipated in 
His first formations, by an immediate act, effects whose 
sensible phenomena could not determine the mode of 
their formation; because the real mode was in direct 
contradiction to the apparent indication of the phe- 

* 

nomena." Vol. i. p. 83. 2d edit. 

Now the reasoning drawn from the ^^^ fallacy of the 
authority of sensible phenomena," for deciding the 
mode of first formations in the two former kingdoms, 
does not seem conclusive when applied to the latter. 
It does not necessarily follow that " the principle de- 
termining the mode of first formations in two of them 
should have equal authority in the third ;" the analogy 
which the animal and vegetable kingdoms bear to the 
mineral, is of too loose a kind to allow of our attri- 
buting the same origin to this kingdom also. There 
is besides greater appearance of the mineral kingdom 
having grown up by slow degrees, than there is of the 
same circumstance in regard to the two others \ 

^ In " the first formations of the mineral matter of the globe," the 
ablest naturalists maintain that they perceive a succession of opera- 
tions which necessarily require a certain time for their production. 
Micaceous schist, for instance, could not be formed at the same time 
as granite ; serpentine, again, was produced at a later period, and the 
primary calcareous strata still later. 

"If granite was in every instance composed in the same manner," 
observes Mr. J, A. De Luc, Jun., " and with a#general uniformity 
of texture, we might suppose that it was so created all at once ; 
but this very granite encloses cavities lined with crystals (fours a 
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The proposition of Newton, *'that all material 
things were, in the beginning, created and set in order 

cristauXfJ cavities in which the three substances are separately 
crystallized, where the crystals of one substance penetrate into those 
of the others ; where a rock crystal encloses amiantus, crystallized 
pyrites, chlorite, water, gases : will it be maintained that substances 
so widely different from each other, were formed simultaneously 
with the rock which encloses them ? It is very natural to suppose 
that the enveloping substance is anterior to that which is enveloped ; 
that the crystal which pene'trates another is anterior to it. 

'^ The succession of fossil animals frequently changing with the 
mineral formatipns, and having multiplied in each formation, from 
the most ancient fishes, or reptiles, or moUuscse, &c. indicates to us 
an interval of time consisting of many centuries previous to the 
appearance of man upon the globe ; insomuch that the great theatre 
on which human events have taken place since the deluge, was not 
constructed all at once, but after the lapse of a long series of ages/' 

The phenomenon, however, of the most ancient breccias, or conr 
glomerates, seems conclusive against adopting the supposition of a 
simultaneous formation of the primitive strata. It has been shown 
by De Luc and De Saussure, that very soon afler the formation of 
the earliest of our strata on the bottom of the sea, its bed was the 
theatre of catastrophes frequently repeated, wherein strata already 
indurated underwent fractures and dislocations, which covered their 
surface with fragments, many of the pieces being rounded by tritu- 
ration, and others remaining angular ; and these fragments, being 
afterwards enveloped by the first of the succeeding strata, formed 
breccias, which were themselves afterwards covered with an accu- 
mulation of the same strata without fragments. Geol. Travels, 
Vol. i. Thus, betjveen the class of granite and that of schists, brec- 
ciated strata are found ; but the class of granite is there in great 
disorder, and all the fragments of the breccia are of that class; then 
follow the schists, among which no fragments are found, except in 
some parts of their mass, which had also been disturbed before it 
was complete. Between the schists and the lime-stone brecciated 
strata are also found, the fragments of which are of the class of 
schists, sometimes mixed with fragments of the class of granite ; but 
before the lime-stone was produced, the schists had been much dis- 

U 
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by God, with such sizes, figures, proportions, and pro-, 
perties, as most conduced to the end for which He 
formed them," does not involve the assertion that the 
properties and powers of all such things were imme" 
diatehf developed at the moment of their creation. It 
is not unreasonable to presume that had Bacon and 
Newton been contemporaries of De Saussure and De 
Luc, they would have acquiesced in the scientific 
views of these naturalists respecting the formation of 
the pnmary strata by chymical precipitations, views 
which the great progress that has been made in all 
the branches of physical knowledge during the last 
hundred years, had enabled them to take. It further 
seems a gratuitous assumption to say, that the mineral 
geologists virtually " represent God as creating matter 
in the most imperfect state." 

" Every thing leads us to believe," (says M. Frossart 
in his Accord entre le recit de Moise et les pheno- 
menes geologiques. Montauban, 1824.) " that in the 
arrangement of the earth's surface, God has permitted 
the slow agency of second causes. This opinion has 
not the slightest tendency to diminish in us the notion 
which we ought to hold of the power of the Creator 
and his infinite wisdom. It requires as miraculous an 
act to give laws to matter according to which it is to 
operate slowly and by succession, as to modify it sud- 
denly " 

turbed. See De Luc's review of Dr. Hutton's Theory of the Earth, 
British Critic, Vol. viii. p. 348. 1796. Mr. Granville Perm having 
allowed certain periods of time for the formation of the secondary 
strata, such period^ should likewise be applied to the formation of 
the primary strata, supposing these latter also to have been gra" 
dually produced, as the phenomena of the brecciated strata suffi- 
ciently prove to have been the case. 
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But, according to Mr. Penn, i/ve are not left on this 
head to the deductions of reason alone. The saered 
record teaches us, he says, that, '' on the first day, by 
His Almighty Fiat, God caused all the first formations 
of the mineral matter of this globe, in one immediate 
simultaneous operation.** Vol. i. p. 279, 2d edit. — *' In 
the first sublime and comprehensive article, embracing 
the * creation of the heaven and the earth,* the sacred 
historian summarily comprises the history of the j^r^^ 
formation j)f the entire mineral substance, constituting 
the solid body of this globe." Vol. i. p. 180. 'Whether 
the words of the inspired writer justify such an inter- 
pretation on the part of Mr. Granville Penn, or whe- 
ther this be not, also, an unwarranted assumption, the 
editor will leave to the decision of the judicious reader. 
There are not wanting expressions in the sacred re- 
cords, which render it probable that God may have 
operated by the instrumentality of second causes ; 
such as the following in Job (xxxviii. 4, 5.) ** Where 
wast thou when I laid the foundations of the earth ? 

Who hath laid the measures thereof, if thou 

knowest ? Or who hath stretched the line upon it ?** 
Angels are said to be ministering spirits, Heb. i. 14. ; 
and the terrific display at the promulgation of the law 
from Mount Sinai, was effected through the medium 
of angelic agency. Gal. iii. 19. 

It has been justly observed ^ that the submarine 
processes during the period of time that elapsed from 
the Creation to the Deluge, and which is considered 
by Mr. Granville Penn as sufficiently long to account 
for the phenomenon of the fossils, "'could not have 

^ British Review, Nov. 18^5. 
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produced so regular an arrangement of strata^ con- 
taining organic remains in a systematic succession of 
bodies, following each other in the order of their rela- 
tive superiority.** 



THE END. 
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